17- 
7 PH STAINLESS STEEL 


MST 6AI-4V 


NICKEL-CHROME ALLOY 


SERIES STAINLESS STEEL 


TITANIUM ON TOP 


in medium-high temperature range 


Today’s most popular titanium alloy, MST 6AI-4V, 
excels all other metals in strength to density ratio 
through 900°F. At room temperature, considering only 
strength, a part made of this alloy need have only 60% 
of the weight of the equivalent part in stainless steel. 


Performance for extended times at elevated tempera- 
tures is likewise good. In typical creep tests, with 1% 
permanent deformation allowed, MST 6AI1-4V alloy 
shows 100,000 psi allowable stress at 750°F for 1 hour; 
77,000 psi at 100 hours; 65,000 psi at 1000 hours. 


Meanwhile new alloys extending the elevated tempera- 
ture usefulness of titanium—to as high as 1000°F—are 
now emerging from the laboratory into production. 


SELECTION GUIDE TO MST ALLOYS 


Typical Mechanical Properties of Annealed Titanium and its Alloys 


COMMERCIALLY PURE 
TITANIUM 

MST Grade II! 

(3 different strength levels) 
TITANIUM ALLOYS 
MST 6Al-4V 

Annealed 

Age hardened (1) . 

Age hardened (2) . 


Annealed 
MST 3Al-5Cr . 
MST 4AI-4Mn 
(1) 1650°F —1 hour—WQ; 1100°F —2 hours—AC 
(2) 1700°F —1 hour—WQ; 1000°F —8 hours—AC 


* Values for 1” on bar and 2” on sheet 


137,000 
WQ—Water Quench 
AC—Air Cool 


Write Dept. F-10 for copy of “Titanium Alloy Properties” 


MALLORY Ti SHARON 


MALLORY- SHARON TITANIUM CORPORATION: NILES.OHIO 


Producers of titanium and titanium alloy sheet, strip, plate, rod, bar, billets 


Progress with TITANIUM 
various metals at different temperatures 
| 
| 
Ultimate 
Tensile Yield Elonga- 
Form Strength, Strength, =, 
i psi psi 
85,000 65,000 23 
Ban 100,000 80,000 20 
140,000 130,000 15 
165,000 155,000 12 
180,000 165,000 10 
140,000 125,000 12 
155,000 145,000 13 
150,000 140,000 14 
— 
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Cover, by Fioyp E. Craic, typifies the badge to be worn 
by conferees to the Second World Metallurgical Congress. 


National Metal Congress and Exposition; 2nd World Metallurgical Congress 
Technical Programs of Cooperating Societies 


Exhibitors and Booth Numbers, National Metal Exposition 


Engineering Articles 
Economics of the New Iron Ore Reduction Processes, by E. C. Wright 


A ton of steel from all direct iron processes requires at least 4,000,000 Btu. more energy 
than from the conventional blast furnace and openhearth, and consequently a direct 
iron plant must be located where electricity or gas is very cheap and coke is very dear. 
There is little difference in capital costs per ton per year. (D8, B15; Fe, RM-n)* 


Atomic Fuels, by Frank H. Spedding 


Several fissionable isotopes will be available to fuel the future power reactors, and could 
be used as solid metal or alloy, as a molten mixture or in liquid solution. Various coolants 
and moderators are also possible. To determine which combination of all these can best 
produce economical electricity is the aim of the Atomic Energy Commission’s extensive 
and costly development program. (T11g, W1llp; U, Th, 14-13) 


The Future of High-Temperature Metallurgy, by L. P. Jahnke 


Future advances must be conceivable, feasible and desirable. On this basis the author 
considers the effect of purity (both chemical and structural), especially of alloys based 
on columbium, molybdenum or — n, and predicts that by A. D. 2000 we will have 
alloys of useful strength up to 5500° F. (Q27a, 2-12; SGA- h) 


What's in the Literature? by Frank T. Sisco 


Searching of metallurgical literature is now so costly in time of high-grade men that it is 
frequently cheaper to get a direct answer by laboratory research than to find out 
whether someone else has recorded his findings. It is hoped that machine searching of 
metallurgical literature will correct this situation, at least in the field of metals. (Al4e) 


Testing of Welded Aluminum Hopper Cars, by J. F. Whiting 


About 150 aluminum freight cars of three designs have been made by Canadian car 
builders. To devise improvements strain gages were placed at strategic positions on 
full-sized hopper cars. Stresses were measured during static, shakeout and impact 
tests simulating actual service conditions. (T23P, 17-7, $21; Al; Al, 17-1) 


Induction Heating for Merchant Mill, by R. S. Segsworth 


Billet-sized ingots are pushed end to end through a long induction coil, the first half of 
which receives 60-cycle current and the second half 540-cycle current. A 6%-in. square 
reaches rolling temperature in 8.4 min. Indicated scale loss of 3% in oil-fired heaters has 
been reduced to less than 1%. (W20h; 1-19; CN) 
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Thermalloy” Heat-Resistant Trays 
Cut Costs for SHUG! Industries 


At SKF Industries in Philadelphia, steel forgings are 
annealed in a car-type furnace at temperatures between 
1450 and 1650 degrees F. Steel car rails were used to 
support the forgings in the furnace. But these warped and 
scaled after short service and became useless. 

At the same time, SKF tried the specially designed trays 
of Thermalloy “30” shown above. These trays have given 
six times the service life obtained from the rails—and are 
still in use, with many more months of service left. In a 
cost comparison with the steel rails, SKF found that the 


Thermalloy trays were less expensive, considering only 
their service life to date. 

Thermalloy heat-resistant alloys and Electro-Alloys’ 
design know-how are providing longer service life in scores 
of heat-treat applications and are saving money for users. 

Whatever your heat-treat problem, it pays to contact 
Electro-Alloys. For further technical information on 
Thermalloy trays and fixtures, call your nearby 
Electro-Alloys representative or write for Bulletin T-227. 
Electro-Alloys Division, 80310 Taylor St., Elyria, Ohio. 


"Reg. U. S. Pat. Off. 


ELECTRO-ALLOYS DIVISION Elyria, Ohio 
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Vacuum Induction Melting — Process Considerations, by W. E. 


Successful vacuum melting requires very high vacuums, leak-tight equipment, pure 
melting stock and crucible materials. Reactive metals added at the end of the heat then 
alloy with the melt rather than form undesirable inclusions. Notable improvements result 
in properties of heat resistant alloys. (C5, 1-23; SGA-h, Ni, Co, Fe, 5-9) 


Progress in Magnesium, by H. G. Warrington. 139 


Unlimited ore supplies, well-developed reduction and fabrication processes, light weight 
and other inherent advantages, together with continually improved alloys, foreshadow 
enlarged consumption for all sorts of machinery in motion, for nuclear reactors, and 


for consumer goods. (A general, 17-7; Mg) 
Advances in Nondestructive Test Methods, Staff Report........ 143 


Five individual tests are made on each tube accepted for a nuclear reactor — visual, 
fluorescent penetrant, X-ray, eddy current, ultrasonic. Latest devices in these fields are 
outlined, together with “Photostress”, where surface stresses are estimated from the 
reflection of polarized light from a plastic sheet cemented to the part. ($13, 1-3) 


Atomic Age 
Our Grandchildren — More Power to Them, by Thomas L. Shipman.......................... 112 


The atom — with its untapped power resources — should be looked upon as the hope, 
not the downfall, of future generations. 
Data Sheet . 
Hardenability Bands for Steels 1330-H to 3310-H...... 112-B 


Revised curves issued by American Iron and Steel Institute, March 1957. 


Book Review 


A Survey of American Foundry Practices, Reviewed by George F. Watson................... 119 
“Principles of Metal Casting” by Richard W. Heine and Philip C. Rosenthal. 


Correspondence 


A New Classification System for 


Precipitation Systems . .234 
Why Be a Metallurgist?, by Allen Alchian 120 Torsional Strength and Microstructure 
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Musical Metallurgy, by F. C. Dowding 148 Residual Stresses in Carburized Cases 250 
Kelly- Bessemer Process. by C vril Stanley Smith 148 Autoradiographic Study of Self-Diffusion 
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by Harley A. Wilhelm 150 Hydrogen Pickup in Pickling of Titanium 258 
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NT EQUALIZE,| EXPERIENCE 


No, you can’t equalize experience! And Allied’s Nitrogen Division 
is FIRST in ammonia experience. Years of pioneering better pro- 
duction methods, of helping users solve all kinds of technical 
problems... these things don’t always show up in customers’ costs 
or product analysis. But they’re a real plus value to ammonia 
users. For assured delivery, expert technical assistance and a 

~N product of uniform high purity, always 
specify Allied ammonia. 


Ethanolamines:s Ethylene Oxide « Ethylene Glycols « Ureas FormaidehydesU. F. Concen- 
trate—85 « Anhydrous Ammonia+ Ammonia Liquors Ammonium Sulfate « Sodium Nitrate 
40 Rector Street, New York 6, N. Y. * Methanol « Nitrogen Solutions « Nitrogen Tetroxide « Fertilizers & Feed Supplements 
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Ae / wag saying... 


CTOBER is a busy month for all of 

us at headquarters. It’s conven- 
tion time (although this year it 
comes the first week in November) 
and that brings along myriads of 
things that have to be planned and 
ordered. You may not believe it 
but even the coffee-break during the 
technical sessions takes advance 
preparation — and rightly so, for who 
would like to serve coffee to 1000 
guests if he had notice only the 
evening before? And with 25 edu- 
cational institutions having alumni 
luncheons on Wednesday — with the 
alumni too busy with other activities 
to purchase tickets in advance (only 
150 luncheon tickets sold by Wed. 
nesday noon and 800 fed) —we have to use the statistical quality 
(quantity ) control principle and determine by trig and calculus, and by 
applying the theory of probable room-elasticity, the number that will 
show up. Ten years’ practice in working out this problem has made Al 
Hess (@ assistant treasurer) an expert and he loves it. 

The attendance of 500 overseas conferees will be the culmination of 
approximately two years of planning. The response has been beyond all 
expectations and the distinguished list of conferees insures the success 
of the Second World Metallurgical Congress. 

With all the special activities planned by the cooperating societies, as 
well as the SNT’s hosting of the Second World Congress for Nondestruc- 
tive Testing and the 20 panels of the American and Overseas Conferees, 
the program is indeed a busy one — and so rich in possibilities that it 
will eae long in the memories and hearts of all ASMers. 

And don’t forget the Expo with 487 exhibitors occupying more space 
than any other show in A.S.M. history. Lots of new processes, equipment 
and products — a feast for the inquiring mind. There'll be bus service 
at 15-minute intervals from all downtown hotels to and from the 
International Amphitheatre. 

Hey fellers! There’s a four-page ad in this issue of Metal Progress, 
p. 360-A, that I hope you'll have time to read. It’s the first public spread 
of information about the Metals Engineering Institute courses. As you 
may know, M.E.I. is not intended to produce metallurgists but tech- 
nicians, people who are reporting to you, who are in the metals industry 
and wish to up-grade their knowledge and capacity for advancement. 
That's the way Pete Ford wrote the ad, for your information so you could 
call it to the attention of those depending on you for counsel and advice. 
Yet some of you personally may wish to know the fundamentals about 
some of the newer materials and processes, and will want to investigate 
the M.E.I. for yourselves, 

Here’s news — the Trustees have selected an architect and accepted his 
design for the headquarters building. The completed sketches and 
drawings will be available soon; just a few details on the engineering 
phases are yet to be determined. They may be complete by convention- 
time. If so I'll spill the beans (plans) at the annual meeting. I feel 
this building with its 4ramatic appearance and unusual distinctiveness 
will surprise and thrill you as it has us— and make you proud of the 
A.S.M. and happier still because another of the principal features of 
the A.S.M. of Tomorrow is now becoming a reality. 


See you in Chicago! 
KE 


W. H. Essenman, Secretary 
AMERICAN SOCIETY FOR METALS 
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test hardness of 


CASTINGS 


BARS 


the best way 
with Steel City 
Brinell Testers 


Photo courtesy of AS.M 


Photograph illustrates the comparative 
size of impressions made by four 
different types of hardness tests: 


(A) Brinell, (B) Rockwell “B", (C) 
Rockwell “C", and (D) Scleroscope. 
Because it covers a larger area, the 
Brinell impression (A) averages out 
small inequalities in hardness, surface 
finish, and complex internal conditions 
of the metal. 


Steel City Brinell Hardness testers are 
designed to efficiently provide a true 
picture of the hardness of castings, 
forgings, bars and other compara- 
tively rough and soft forms of metal. 
Models cre available to facilitate the 
handling of the work with minimum of 
effort. True, round Brinell impressions 
assure dependable testing results. if a 
Brinell Hardness test is indicated for 
your material or product — contact 
Steel City for the right testing machine. 


If one of the following types of test is 
your need—let us help you choose the 
Steel City machine that meets your 
individual requirement. 


Ductility Brinell Hordness Tense 

Compression Transverse Hydrostatic 


Write today for FREE 
literature, describing Steel 
City S machines. 


8811 Lyndon Ave., Detroit 38, Mich. 
Sales offices in all metal working areas 


See Steel exhibit 
Metal 1729 


- 


Flex-Tester 


instruments 
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to your Sales Territory ... 


The great Southwest — the 
industrial Southwest—rich, grow- 
ing, bustling — is waiting for you. 
Here’s a new sales territory that 
means profits for modern-day 
pioneers. 

There'll be thousands of new 
prospective customers who'll 
crowd the Southwestern Metal 
Show — to see your company’s 
display — to hear your company’s 
story — to buy your company’s 
product. 

Over two million people live 
and work within a day’s drive of 
Dallas. They are your prospects, 
interested in all that’s new and 
improved. This is a chance you 
can’t afford to miss. 

Mark those five days next 
May as the “Days that Pay”. 
You'll find them just that, be- 
cause thousands will be at the 
Dallas Metal Show, searching for 
production advantages that will 
help improve operations, services, 
products — and at lower costs. 

These prospects will be ready 


to buy. They'll be “precondition- 
ed” — for the great Southwest is 
on the march, sparking sales to 
improve its own business econo- 
my. 

ASM Metal Shows are famous 
as sales stimulants. They are 
“musts” for any firm with an eye 
on an expanded tomorrow. Here 
in the Southwestern Metal Show 
is a rich metal market full of 


STATE FAIR 
PARK 


DALLAS, TEXAS 


MAY 12-16, 


1958 


opportunity for the prospecting 
manufacturer. Here’s a show that 
will out-draw, out-sell and sur- 
pass anything you’ve experienced 
before in the “great open spaces.” 

Because the Show is staged 
in Dallas’ spacious State Fair 
Park, only two miles from the 
city’s center and downtown 
hotels, you’ll be able to put your 
best foot forward before a top 
level audience looking for just 
what you’ve got to offer. There 
never was a finer exhibition hall 
— all on one level — airy, bright. 
It puts visitors in the right frame 
of mind to buy. It will be brist- 
ling with ideas and thronged with 
buyers. 

Get your share of this new 
market. The Southwestern Metal 
Show is the place to sell! Act 
today — select your space. If you 
don’t have floor plans, write us 
NOW. You'll reap a harvest from 
this new and finer Metal Show. 
To assure success in 58 — Don’t 
Hesitate! 


Soilhweitow Exposition 


W. H. EISENMAN, Managing Director ¢ 


7301 EUCLID AVENUE 


CLEVELAND 3, OHIO 


CHESTER L. WELLS, Assistant Director 
TELEPHONE: UTAH 1-0200 


METAL SHOWS OWNED AND OPERATED BY THE AMERICAN SOCIETY FOR METALS 
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ajax technical service 


helps you get the most out of induction heating & melting 


© induction heating & melting 


N ORTH P 


THE ONLY COMPANY OFFERING 41 YEARS OF INDUCTION EXPERIENCE 
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When you come right down to it, ‘‘technical service” 
is mainly a question of experience ... the service is 
only as good as the experience behind ic and the will- 
ingness of the manufacturer to share this experience. 


Ajax has the savvy, will share 


It almost embarrasses us to talk about experience in 
the field of induction heating & melting. Ajax firsis 
read like a history of induction technology—because 
they are! 


The first high frequency induction furnace was 
fathered by our company some 41 years ago. As early 
as 1920, Ajax was supplying vacuum furnaces to 
National Bureau of Standards and others. Practically 
every new alloy developed since that time had its 
origin in an Ajax-Northrup induction furnace. These 
Ajax firsts go on and on... from melting, forging, 
surface hardening, vacuum melting... to making, 
sintering, and hot pressing carbides, graphitizing, 
uranium melting, and countless other low, dual, and 
high frequency applications. 


These are the proofs of what Ajax Technical Serv- 
ice can do... pointing to what it can do for you and 
your company. Sharing this experience helps you, 
helps us. 


Service a la carte 


Now, no user or potential user of induction equip- 
ment wants or needs all our experience, even if it were 


| ~ some straight talk on AJAX technical service 


possible to give. The practical sharing of our ex- 
perience amounts to matching what we know about 
induction technology to what you want to know about 
it. This can vary quite a bit from job to job. 


If, for example, you’re considering induction heat- 
ing & melting for the first time, you’ll want to know 
a great deal about its basic advantages and how it 
compares in cost and performance with your present 
equipment. 


Or suppose, on the other hand, you already have 
induction equipment and would like to improve its 
efficiency and decrease maintenance cost. Perhaps in 
this case Ajax can supply some pertinent test data 
on optimum temperatures and pour schedules, or 
some valuable tips on refractory ramming techniques 
that will save many hours in furnace maintenance. 


Regardless of the type of engineering service you 
require in the field of induction heating & melting— 
whether it be general or specific, basic or advanced 
—Ajax is ready with savvy, will share! Ajax service 
engineers will be glad to analyze your heating and 
melting problems and make detailed recommenda- 
tions. If induction is the answer to your problems, 
they will help you select the type of equipment best 
suited to your specific application -. . help you oper- 
ate this equipment to obtain highest performance, 
maximum production... design new equipment if 
necessary. 


you can look to AJAX for progress in induction heating & melting 
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melting uranium for Atomic 


Energy Commission 
During the earliest years of our nation’s 
atomic energy program, substantially all 
uranium used was melted by high fre- 
quency induction heat in specially designed 
Ajax-Northrup furnaces. 


Listed below are a number of examples illustrating 
the length and breadth of Ajax experience in specific 
areas of induction heating & melting. Our direct 
experience in these and other areas may bring real 
dollars and cents savings to your operation. It’s worth 


Ajax technical service helps put induction heating & melting to work 


in research and development 


research in high temperatures 
Ajax-Northrup high temperature furnaces 
are especially designed to provide fast, 
efficient heat at temperatures from 1200°C 
to 2000°C and above. 


investigating! To start the flow of valuable induction 
heating & melting ideas in your direction .. . to get 
the most out of your induction equipment—just call 
or write Engineering Department, Ajax Electrother- 
mic Corporation, Trenton 5, New Jersey. 


developing new alloys and 
alloying techniques 

Many of the country’s largest labora- 
tories use Ajax-Northrup induction fur- 
naces in studies of new alloys and for 
pilot-plant operation prior to large scale 
production. 


casting world’s largest stainless 
steel centrifugal castings 
At Sandusky Foundry and Machine Co., 
Ajax furnaces of up to 5 tons capacity 
melt metal for centrifugal castings weigh- 
ing up to 20 tons. 


mechanizing giant forge shop 
Imaginative forge design, plus the inher- 
ent flexibility of Ajax induction heating, 
make it possible to operate giant Massey- 
Harris-Ferguson forge shop with just three 
induction units . . . each equipped with 
seven heating fixtures. 
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improving operation of 
investment casting foundry 
Precision Metalsmiths, Inc., finds Ajax- 
Northrup furnaces ideal for melting some 
92 different ferrous and nonferrous alloys. 
They give fast heat, produce alloys of the 
highest purity. 


melting and pouring six tons of 


metal every 22 hours 
This Ajax-Northrup induction furnace 
turns out a six-ton charge of nickel alloy 
—precisely alloyed and virtually free of 
impurities—every 24% hours. Speed of 
melting and electromagnetic stirring in- 
sure perfect alloys every time. 


saving $33.00 per ton in 
nonferrous foundry 

Ajax-Northrup furnaces produce big sav- 
ings for City Pattern Foundry & Machine 
Co., Detroit. With nonferrous alloys, 
savings of over $33.00 a ton are reported 
in reduced metal losses, labor, and 
refractory. 


vacuum melting in ever 
increasing capacities 

The photo illustrates the first 1000-lb. 
vacuum furnace Inductiovac© which is 
now in production at the research and de- 
velopment center of Universal-Cyclo 
Steel Corp., General Offices, Bridgeville, 
Pa. This furnace incorporates Ajax- 
Northrup induction furnace and controls. 


see them at the show NeW AJAX designs and improvements 


Though far from “revolutionary,” these new designs and improvements will 
bring considerable handling ease and increased productivity to present day in- 
duction equipment. Exactly how these Ajax innovations will help you in your 
specific application can be best discussed with our engineers at the show. 


new type of co-ax leads 


An Ajax-Northrup 300#fur- 
" nace will be equipped with 
new type of co-ax side 
‘ mounted leads that are be- 
ing studied by our engineer- 
ing staff. 


operating switch exhibits 


Here are two exhibits you 
ean “work” yourself. One 
powercontrol shows how the 
Ajax tap switch operates. 
The other demonstrates the 
exclusive Ajax rotary capac- 
itor switch, designed for 
exceptionally fine power 
factor control. 


new vacuum furnace top 


One of our stationary cyl- 
indrical vacuum furnaces 
will be fitted with a newly 
designed vacuum top. 


induction furnace ramming tools 


Developed and proved at 
Ajax’s own manufacturing 
plant, these ramming tools 
will improve the life of fur- 
nace linings. You’ll want to 
look them over carefully ... 
operate them . . . learn how 
to improve your ramming 
techniques. 


space-saving vertical motor-generator 


Visitors to the Ajax booth 
will also see a totally en- 
closed, water-cooled, verti- 
cal motor-generator rated 
at 100 KW, 3000 cycles. 
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SEE YOU AT BOOTH 1406...BE SURE TO 


improved safety features 


Operating display demon- 
strates improved type of 
molten-metal leak and 
ground detector. 


STOP IN... YOU'LL LIKE THE COMPANY 


@ Induction heating & melting 


AjAX 


P 


Special Literature Offer 


At theshow Ajax will be offering an impressive 
collection of valuable and useful information 
in ow every phase of induction tech- 
nology. Be sure to look this collection over 
carefully ... choose the bulletins, booklets, 
and articles that will help you get the most 
out of induction heating & melting. 


AJAX ELECTROTHERMIC CORPORATION, Trenton 5, N. J. 


ASSOCIATED COMPANIES: AJAX ELECTRIC COMPANY—AJAX ENGINEERING CORPORATION 
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Pull Hook 


Pivot Shaft and Bracket 
Equalizer Spring Saddle 


USE FINKL DIE BLOCKS 
FOR QUALITY FORGINGS... 


farm equipment manutacturers do! 


yw International Harvester Company's Tractor Works, for one, uses Finkl 
die blocks to produce numerous tractor parts such as the pivot shaft bracket, 
er pull hook, track link, equalizer spring saddle, and draw bar bracket shown on 

this page. 

Because of the high volume production of these Crawler Tractor parts, 
Fink! FX die blocks are used at Harvester’s Tractor Works to produce more 
forgings per sinking, and more sinkings per die. The special machining quality 
reduces die sinking time, without impairing the heat or wear resistance of the 
dies in production. 

Finkl die blocks are available in several grades, all sizes, and tempers to 
handle virtually any forging requirement. Call your local Fink] representative 
next time you are considering die blocks or forgings. He will be glad to help 
you and there is no obligation. 


A. Finkl & Sons Co. 


2011 SOUTHPORT AVE: CHICAGO 14, ILLINOIS 


Offices in: DETROIT - CLEVELAND - PITTSBURGH - INDIANAPOLIS - HOUSTON - ALLENTOWN - ST. PAUL 
COLORADO SPRINGS - SAN FRANCISCO - SEATTLE - BIRMINGHAM - KANSAS CITY 
Warehouses in: CHICAGO - DETROIT - BOSTON - LOS ANGELES 
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Why Put 


$ 4000, 


Vacuum Resistance Pit-type Furnace, used 
by Rem-Cru Titanium, Inc., to heat treat titan- 
ium mill products up to 12 ft. long by 4 ft. wide. 
Standard resistance furnaces available in bell, 
pit, and horizontal muffles with hot zones 
from 2” to 54” I.D. 


World’s largest vacuum induction fur- 
nace with 3000 pounds capacity, installed at 
Crucible Steel Corporation of America. Ca- 
pacities of standard induction furnaces range 
from 12 to 5000 Ibs. of molten steel. 


Vacuum Are Furnace has interchangeable 
consumable and nonconsumable electrodes 
for melting into either cold mold or skull for 
titanium shape castings. Standard arc fur- 
naces available from 10 to 10,000 Ibs. 


(Product? 


For about two bits you can get a pound of air-melted 52100 
alloy steel. However, impurities introduced by air-melting are a 
prime cause of failure in high stress or high temperature parts. 
Vacuum-melted 52100 costs nearly $2.00 more, but what a differ- 
ence in performance! For instance, it adds 600% to the life of a 
jet engine thrust bearing. And because it is “‘cleaner’’ and easier 
to work, it often saves shop time and reduces rejects. 

The benefits of vacuum melting are especially spectacular in 
the case of “superalloys” used for high temperature applica- 
tions such as jet engine blades and rotors. One blade producer 
found that replacing air-melted with vacuum-melted superalloy 
increased stress rupture life 40%, ductility 100%, and tensile 
strength 12%. Best of all, it halved the cost per satisfactory blade! 

Vacuum pays for itself outside the aircraft industry, too. In- 
cluded on the growing list of high performance products benefit- 
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ting from its use are bearing races, jewelers rolls, bolts, precision 
castings, valve springs, chemical process equipment, dies, elec- 
tronic tubes, and watches. Besides improving the strength, com- 
position control, cleanliness, life, corrosion resistance, conduc- 
tivity, ductility, and workability of existing materials, vacuum 
melting allows you to develop new alloys which are impossible 
to produce in conventional furnaces. 

If you'd like to know whether vacuum metallurgy can improve 
your product and cut your costs, let us know. We’ll be glad to 
share the knowledge we've gained from building and operating 
more high vacuum furnaces than any other organization in the 
world. If you decide to conduct your own vacuum metallurgical 
operation, you'll find that NRC is your one convenient source for 
a complete line of vacuum arc, induction, and resistance furnaces 
with capacities from a few pounds to several tons. Write today. 


OCTOBER 1957 


See us at Booth No. 1426 at the 


EQUIPMENT 
CORPORATION 


DEPT. 1K, CHARLEMONT ST., NEWTON 61, MASS. 
A Subsidiary of National Research Corporation 
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by The Carborundum Metals Company 


Ready volume... 


for BOTH 
Nuclear and 
Chemical 
Application 


Metallurgically sound zirconium ingots 
are being produced now in quantity by 
CARBORUNDUM Metals in its worlds first 
fully integrated zirconium plants—to meet 
your most exacting specification require- 
ments. Certified zirconium ingots, melted 
under positively controlled vacuum or 
inert atmospheres by the manufacturer 
gives you one source of supply for ready-to- 
fabricate metal...completely eliminates 
risk of converting from sponge at your 


responsibility... provides certified ingots 
at a fixed price. 


CARBORUNDUM Metals’ long experience 
as a leading supplier of zirconium to the 
U.S.A.E.C.—plus an unrivaled production 
record assures you of top quality metal in 
quantity from the two most modern 
sponge producing plants in the industry 
...at Akron, N. Y., and at Parkersburg, 
West Virginia. 


Ask to be placed on the mailing list of “More ZR Facts,” the zirconium industry’s first continuing source of technical information. 


@ Brinnel hardness test taken at 
as many as ten intervals with Ultrasonic Reflectoscope to 
along ingot to assure uniform inspect for internal porosity 
mechanical properties. and irregularities. 


@ Ingot melt control panel 
scientifically regulates atmosphere 
and melting conditions through 
first and second melts. 


@ Operator mechanically 
conditions zirconium ingot to 
remove surface irregularities 
from cast ingot wall. 


@ Testing ingot soundness 
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SECOND MELT certified ingot ready for 
fabrication. Ingots are seakeed from 500 to 
2500 lbs. each in 12” to 16” diameters. 

From zircon sand to zirconium ingot by one 
manufacturer—quality controlled 

all-the-way with Proven Methods, Proven 
Quality and Proven Performance. 


FIRST MELT ingot being 


withdrawn from the positively 


controlled vacuum or 


inert-atmosphere furnace at 
CARBORUNDUM Metals. 


ZIRCONIUM INGOTS, Zircaloy ingots 
and sponge metal for open market use, are 
available for shipment now to any loca- 
tion in the free world in both reactor 
and commercial grades. CARBORUNDUM 
Metals’ close relationship with leading 
zirconium fabricators who are geared to 
produce, provides you with immediate, 
reliable sources for on-specification 
welded or seamless zirconium tubes, zir- 
conium sheet, strip, bar, rod, wire and foil. 


WRITE TODAY... for latest price lists— 
technical data and delivery on all zircon- 
jum products. CARBORUNDUM Metals’ 
highly qualified staff of metallurgical engi- 
neers, zirconium specialists, are available 
for assistance and recommendations— 
without obligation. 


The CARBORUNDUM METALS Company 


Akron, New York, U.S.A. 


Division of THE CARBORUNDUM COMPANY 
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*“ALUMON” 
for Plating on Aluminum 


RUST PROOFING 
COMPOUNDS 


STOCK POINTS: 
Seattle, San Francisco, 
Los Angeles, Chicago, 
Detroit, Dayton, 
Cleyeland, 

Binghamton, New Haven 


Since 1930, ENTHONE Incorporated has developed and 
brought to the metal finishing market many specialty prod- 
ucts and processes. Often these products have provided the 
answers to finishing problems previously unsolved. ENTHONE 
ENSTRIPS, for example, are patented products for the 
selective dissolving of one metal plated on another without 
attacking the base metal. 

ENSTRIP A— U.S. Patent No. 2,649,361 — was the first 
product ever offered for dissolving nickel plate without 
attack on the steel basis metal. 


METAL BLACKENING 
COMPOUNDS 


Metal Cleaning and 
Degreasing Compounds 


Conversion Coatings 
for Zine and Cadmium 


WORLD-WIDE 
DISTRIBUTION 

. . ALSO IN 
Canada, Brazil, 
England, France, 
Sweden and Germany 


ENSTRIP 165-S — U.S. Patent No. 2,698,781 — was the 
first product ever offered for dissolving nickel from copper 
base alloys without attack on the basis metal. And there are 
many other selective strippers in the ENSTRIPS group to 
meet all requirements. 

If you have a metal finishing problem, ask HERE 
ENTHONE first! Write now for the folder J 
“They are HERE ...” describing 20 ENTHONE 
answers to difficult finishing problems. 


442 ELM STREET, NEW HAVEN 11, CONNECTICUT 
Metal Finishing Processes * Electroplating Chemicals 
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ANOTHER ELECTRIC 


Today, many foundries are 
close metallurgical control 


DUCTILE IRONS 


This relatively new family of cast metals has proved the 
most outstanding foundry development since malleable iron. 


Today, industry has available to it a relatively new 
material known as ductile irons. Unlike ordinary cast 
iron, ductile irons can be bent, twisted, drawn or 
otherwise deformed without fracturing. These ductile 
irons, to a large degree, bridge the gap which long 
existed between cast iron and steel. 


Ductile irons have the processing advantages of 
cast iron — good fluidity and castability, ready 
machinability and low melting point — combined with 
many of the engineering advantages of steel — 
good strength, toughness, heat resistance and 
substantial ductility. Ductile iron has several times 
the strength of ordinary gray iron, exceptional 
resistance to impact shock and excellent resistance 
to oxidation and growth at elevated temperatures. 
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FURNACE PRODUCT... 


using the electric arc furnace to achieve the 
and critical analyses needed for ductile iron. 


UNIQUE GRAPHITIC STRUCTURE 


Ductile iron is cast iron in which graphite 
is present as spheres or spheroids of 
characteristic structure, in contrast to 
the flake graphite in gray iron or compacted 
aggregates which distinguish malleable 
iron. Ductile iron is also known as nodular 
iron, nodular graphite iron, spherulitic 
iron, spheroidal graphite iron and SG iron. 


The total carbon content of ductile iron is 
the same as that of gray iron. Spherulitic 
graphite particles are formed during 
solidification by the addition of a very 
small percentage of magnesium in the 
Gray won — sandem graphite Gahan, molten metal prior to casting. The startling 
unetched, magnification 100 X. change in the microstructure achieved by 
causing the graphite to take a spheroidal 
shape removes the former weakening and 
embrittling effects. The graphite now is in 
a shape which presents the minimum 
number of surface discontinuities in the 
surrounding metal, and a far stronger, 
tougher and ductile material is attained. 


Ductile iron — random graphite spheroids, 
unetched, magnification 100 X. 
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DUCTILE IRON SPECIFICATIONS 


There are four specifications covering grades of 
ductile irons as set up by the ASTM. They are 
designated as 60-45-10, 80-60-03, 100-70-03 
and 120-90-02. The numbers refer, respectively, 


to minimum tensile strength in 1,000 psi, mini- 
mum yield strength in 1,000 psi, and minimum 
elongation on percent. These specifications are 
summarized in Table 1. 


Charpy Impact 
Unnotched 


(Ft.-Lbs.) 


10/25 


(1) Requires 40,000 psi yield and 15% elon- 
gation, also specific chemical composition 


140/200 


60/115 


ASTM A339-55 
MIL-I-11466 (ORD.) 
MIL-I-17166 (SHIPS) (1) 


and metallurgical structure. 
(2) Requires 15% min. elongation. 


(3) Requires 


15% min. elongation, also 


AMS #5315 (2) 
ASTM A395-55T (3) 


specific chemical composition and other 
casting specifications. 


80-60-03 


80/100,000 


60/75,000 3/10 


200/270 15/65 


ASTM A339-55 
MIL-I-11466 (ORD.) 
AMS #5316 


1100-70-03 


100/120,000 


70/90,000 3/ 


(4) 


10 240/300 35/50 


Requires 75,000 psi yield and 4% 
elongation. 


MIL-I-11466 (ORD.) (4) 
ASTM A-396-55T 


90/125,000 2/7 


270/350 25/40 


MIL-1-11466 (ORD.) 
ASTM A-396-55T 


45/75,000 


0/20 


5/115 


140/300 


(5) Typical composition range: T.C. 2.8/3.8%, Si 2.5/6.0%, Mn .20/.60%, 
P .10% max., Ni 0/1.5%. Although resistance to oxidation increases 
with silicon content and is excellent at 6% Si, most castings are pur- 
chased at 3.0/4.5% Si which provides the best compromise between 
mechanical properties and oxidation resistance. This grade is not 
recommended for applications involving severe thermal shock. 


High Alloy 


54/74,000 


32/38,000 4/40 


PRODUCTION METHODS 


Ductile iron may be produced in the electric arc 


furnace, acid cupola, basic cupola, carbon lined 


Vee Notched 


140/200 10 to 28 


(neutral) cupola or by duplexing from cupola 


to the electric arc furnace. 


MIL-1-18397 (SHIPS) 
AMS #5394 


d Typical Range of Mechanical Properties 
be Type Tensile Strength Elongation | Hardness Specifications | 
at 60-45-10 60/80,000 45/60,000 
120-90-02 120/150,000 
Heat Resistant (5) 60/100,000 
E 


ELECTRIC 
ARC FURNACE 


and high purity analysis of the cast iron used 
of foundries are now using the electric arc 
steels have been made in this type furnace 
from the beginning. 

It has been estimated that approximately 


using electric furnaces in their operations. 


It is now well established that, regardless of 
analysis, the ease of controlling slag-metal 


close analysis products. The electric furnace 
not only provides for close chemical reduction 


of the bath because the “fuel” — electricity — 
contains no sulphur or other impurities. 


Many foundries making precision ductile iron 


and pouring temperatures are more critical. 


furnace in conjunction with cupolas. As one 
foundryman stated, “It’s the electric furnace 
hands-down for this operation.” Any attempt 


produce too much sulphur in the base metal. 


Through the years the conventional cupola 
with an acid lining has been operated purely 
as a melting furnace with no great chemical 
refinement expected. Cumulative sulphur ab- 
sorption and declining raw material quality 
have made it increasingly difficult to meet the 
rigid and varied metallurgical specifications 
with the materials available and the chemical 
limitations of the acid cupola. The metallurgi- 
cal requirements of ductile iron present a 
good example; with a magnesium addition, 


Because of the need for close metallurgical control 
as a base for ductile irons, a substantial number 


furnace for the same reasons that high quality 


one-third of the foundries making ductile irons are 


reactions and bath temperatures in the electric 
furnace make it an ideal tool for the production of 


and control but there is no further contamination 


castings are employing the exceptional control 
features of the electric furnace in their operations. 
For example, there is great demand today for the 
electric furnace in producing Austenitic ductile 
irons, because, there are more alloys to control 


Some foundries practice duplexing in the electric 


to utilize oil or coal-fired holding furnaces would 


ACID OR BASIC CUPOLA 


the final sulphur content of ductile iron will 


A foundry manager, commenting on the electric 
furnace for producing ductile iron said, ‘‘It’s 
wonderful . . . you can turn it on and off quickly 
and make up large or small heats as needed.” 


normally be below 0.020 per cent. 


In the basic cupola, irons of 0.010 per cent 
sulphur and 3.90 per cent carbon are not un- 
common. This iron requires approximately 
two-thirds the magnesium alloy addition usu- 
ally needed for acid cupola iron. From the eco- 
nomic and metallurgical standpoint the basic 
cupola seems to offer more definite advantages 
than acid lined cupolas. 
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Look 


Gives greatest flexibility— 

Makes any steel—any time—from stain- 
less to plain carbon. Handles cold scrap, 
metallics, hot metal. Starts, stops quickly 
— gives faster melts. 


Delivers highest quality product— 
Closer temperature control possible. 


Lowers capital investment— 


40% less than equivalent open-hearth 
capacity. 


Saves space— 


Savings of 25% and more vs. open hearths 
producing same tonnage. 


Goes up fast— 
Capital investment pays off sooner. 


Uses clean ftuel— electricity — 
No combustion products to contaminate 


melt. 


CARBON LINED 


CUPOLAS 


Cupolas having carbon linings in the well area 
have proven superior in the production of duc- 
tile irons with respect to lining life and mainte- 
nance costs, and also assure close chemical and 
metallurgical control as required. The first in- 
stallations of carbon linings were made by com- 
panies operating basic cupolas which had expe- 
rienced high refractory costs due to the corro- 
sive action of the basic slag. Full advantage has 
been taken of the high corrosion-resistant and 
chemically neutral properties of carbon. There 
are many cupolas operating in the United States 
today with “National” Carbon linings. 


PRODUCTION 
TECHNIQUES 


Due to the excellent fluidity characteristics of 
ductile iron in the molten state, thin sections 
cast as easily as thick sections. If thin section 
castings are desired, a charge of 100% pig iron 
will cast exceptionally well. But, the high carbon 
content of this molten metal (3.8 to 4.0% ) will 
cause carbon flotation when cast in thick sec- 
tions. Therefore, if thick section castings are on 
production schedules, operations will proceed 
much smoother when the charge is calculated 
to reduce carbon content of the base material to 
roughly 3.5 to 3.8 per cent. This can be accom- 
plished by adding steel to the charge or better 
still, by employing the revert (gates and risers) 
from previous ductile iron castings, adding steel, 
and utilizing a carbon raiser in pellet form. 


From tap-out to casting the process for ductile 
iron is similar regardless of the charge. The base 
metal is tapped into a ladle containing a magne- 
sium alloy to provide a sufficient amount of re- 
tained magnesium necessary to promote sphe- 
roidal graphite. The bath is then inoculated 
with ferro-silicon to eliminate carbide and to 
insure metal will be graphitic when cast. 


One source recommends that ductile base 
metal in the electric furnace should be heated 
to a minimum of 2850°F and held for ten min- 
utes prior to tapping. It is easy to maintain close 
control at these temperatures in the electric fur- 
nace. This will assure a metal free of flake graph- 
ite and eliminate the risk of a poor heat. 
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CASTING AND FINISHING CHARACTERISTICS 


Ductile iron is similar to soft, high carbon cast 
iron in that it has a low melting point and 
good fluidity in the molten state. Because of 
these characteristics it can be cast in intricate 
shapes and thin-sectioned parts. For example, 
the metal will flow several inches in sections 
as small as 1/16 in. in green sand molds at 
normal foundry pouring temperatures. Cast- 
ings weighing but a few ounces contrast with 
others weighing as much as 50 tons to further 
verify the versatility of this new group of 
metals. 

The machinability of ductile iron is superior 
to that of gray iron having the same hardness, 
with a considerable decrease in tearing. The 
millions of minute nodules of graphite pro- 
vide a factor of self-lubrication which pre- 


DUCTILE IRON APPLICATIONS 


The characteristics of these irons suggest five general uses: 


. Where greater strength or resistance to impact is needed than can be 
obtained with conventional cast irons. 


. For large castings which have been difficult to cast in malleable iron. 


vents galling and scuffing. It can be machined 
about twice as fast as steel at a considerably 
lower power requirement. 

This new metal can be heat treated as read- 
ily and satisfactorily as steel. It can be sof- 
tened by annealing or hardened by normaliz- 
ing or oil quenching and tempering. Stress re- 
lieving of complex castings is a regular prac- 
tice, while flame or induction hardening is 
accomplished without using special proce- 
dures, for all types except the high alloy types. 

Ductile iron can be welded to itself and to 
other metals such as carbon steel, stainless 
steel, and nickel, using the same techniques as 
applied to good grades of gray iron. The mate- 
rial can also be brazed with silver or copper 
brazing alloys. 


3. For replacing steel castings where higher yield strength, cost and 


machinability are factors. 


4. Heat-resisting applications because of greater resistance to growth 
and high strength at elevated temperatures. 


. Pressure castings where close grain structure at low cost is a must. 


It is obvious that this development will extend the use of iron in the aeronautical, agricul- 


tural, automotive and diesel, cement, chemical processing, electrical, glass, heavy machinery, 
marine, mining, paper and pulp, petroleum, steel mill, tool and die, and mary other industries. 
The increasing use of this relatively new metal type is best proved by production figures 


showing that tonnages have increased approximately 100 percent in the past year. 


The following listing represents most of the foundries 


now producing ductile iron in the electric arc furnace: 


Centrifugal Casting Co., Long Beach, California 
Stanley Foundries, Huntington Park, California 
Farrell-Birmingham Co., Ansonia, Connecticut 
Soundcast Co., Newport Beach, California 
Howard Foundry Co., Chicago, Illinois 

Sioux City Foundry & Boiler Co., Sioux City, lowa 
Crompton & Knowles Corp., Worcester, Massachusetts 
Hunt-Spiller Mfg. Corp., Boston, Massachusetts 
Baker Perkins, Inc., Saginaw, Michigan 

Century Electric Co., St. Louis, Missouri 

American Brake Shoe Co., Rochester, New York 
Sterling Foundry Co., Wellington, Ohio 

Textile Machine Works, Reading, Pennsylvania 
Treadwell Engineering Co., Easton, Pennsylvania 


Westinghouse Air Brake Co., Wilmerding, Pennsylvania 


Westinghouse Electric Corp., Trafford, Pennsylvania 
Standard Brass & Mfg. Co., Port Arthur, Texas 


Fairbanks Morse & Co., Beloit, Wisconsin 

Brown & Sharpe Mfg. Co., Providence, Rhode Island 
Borg Warner Corp., York Division, York, Pennsylvania 
Chapman Valve Co., Indian Orchard, Massachusetts 
Clark Equipment Co., Buchanan, Michigan 

Gleason Works, Rochester, New York 

Ingersoll Rand Corp., Philipsburg, Pennsylvania 
Engineering Castings Corp., Marshall, Michigan 
Janney Cylinder Co., Philadelphia, Pennsylvania 
Jeffrey Mfg. Co., Columbus, Ohio 

Kiekhaefer Aeromarine Motors, Inc., Fond d_ Lac, Wisconsin 
Koppers Co., Baltimore, Maryland 

Penberthy Mfg. Co., Detroit, Michigan 

Scott Castings Corp., Buffalo, New York 

Thomas Foundries, Birmingham, Alabama 

U. S. Pipe Co., Burlington, New Jersey 

Wells Mfg. Co., Skokee, Illinois 


Grede Foundries, Inc., Milwaukee, Wisconsin 


SUMMING UP 


That the uses of ductile irons are rapidly ex- 
panding there is no doubt. While it is difficult 
to approximate its economic impact on the 
producing and utilizing industries, its overall 
importance is now well established. There re- 
mains only a development of metallurgical 
refinements and production means and meth- 
ods to assure its status as an equal member 


The terms ‘National’ and “Union Carbide” are registered trade-marks of Union Carbide Corporation 


NATIONAL CARBON COMPANY 


in our ever growing family of metals. For 
example, experimental work started in this 
country in September 1957, for adding pure 
magnesium to the base metal in sealed ladles. 
This technique...as well as other experi- 
mental work under way or presently planned 
— may point the way to greater economies in 
the manufacture of ductile iron. 


UNION 


Division of Union Carbide Corporation * 30 East 42nd Street, New York 17, N. Y. 
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Wren it comes to alloy steel forgings, Pencoyd is geared to han- 


dle the tough jobs—the ones where precise specifications require 


In hi hop. Machinist t . 

enh the ultimate in chemical and quality control. 

bine. Forged alloy steel pinion forgings from. 

a a One reason is Pencoyd’s unique facilities. For example, Pencoyd 


makes its own steel simply because it provides absolute control of the quality all the way from the 


raw material to the finished product. 


WELCOME, DELEGATES 


When you're in Philadelphia 
you're cordially welcome to call 
on us. We look forward to the 
opportunity of having you see our man- 
ufacturing processes and meet our 
personnel. 


Another reason is Pencoyd’s organization. Men with 


long years of experience in steel and forgings. At their dis- 


posal are the latest scientific and engineering developments. 

This combination of modern facilities and depth of 

know-how is the solution to whatever forging problems db. iufe 
PRESIDENT 

you might have. 


PENCOYD STEEL & FORGE CORP. 


PHILADELPHIA 27, PA. 


PHILADELPHIA PITTSBURGH CLEVELAND DETROIT 
Pencoyd Steel & Forge Corp. T. Edward Dodds Co. Frank Ryman's Sons ira S. Latimer Co. 
3720 Main St. 203 Carlton House 204 Rockefeller 21066 Ryan Road 
IVyridge 2-7075 Atlantic 1-0227 Cherry 1-1437 Van Dyke, Michigan 
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A test reading taken now would probably be 
erroneously low — or the machine might be 


running dangerously overloaded. 


That’s why Riehle’s Electro-Balanced indica- 
ting unit always buzzes a warning when a load 
is being generated on the specimen at a higher 


rate than a servo system can follow. 


Riehle TESTING MACHINES 


This buzz tells the operator to reduce the 
load rate application. It prevents wrong read- 
ings or possible machine damage. This safest 
and most sensitive of all indicating units is 
offered for both hydraulic and screw power 
testing machines — by Riehle. It’s a Riehle 
feature that gives users confidence in their 


test results. 


NEW BULLETIN... MAIL COUPON 
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! 


RIEHLE TESTING MACHINES 
Division of American Machine and Metals, Inc. 
Dept. MP-1057, East Moline, Illinois 


Please send your free 4-page Bulletin RU-14-56 with full data on the 
new Riehle Electro-Balanced Indicating Unit. 


A DIVISION OF 


American Machine and Metals, Inc. 


EAST MOLINE, ILLINOIS 


COMPANY 


ADDRESS 


ZONE STATE 


ATTENTION MA. 
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Vacuum Furnaces 

Hevi-Duty Electric Co. has an- 
nounced a wide range of standard 
vacuum furnaces available for either 
single or double pump vacuums. 
Double pump, pit, or bell type fur- 
naces are built to operate at tempera- 


tures to 2100° F. Single pump vacuum 
retorts utilized in bell, pit, box or tube 
type furnaces may be used for appli- 
cations to 1600° F. Layers of pre- 
formed and laminated insulation mini- 
mize heat losses. Water-cooled flanges 
perfect a vacuum seal between retort 
and furnace shell. 


For further information circle No. 958 
on literature request card, page 48-B. 


Stainless Steel 

A slag-washed method of produc- 
ing stainless steel free from inclu- 
sions, banding or segregation of tita- 
nium has been announced by Eastern 
Stainless Steel Corp. The method has 
been tried in one of the more com- 
plicated stainless steels, Type 321 
titanium-bearing grade, and several 
other aircraft types. Titanium-bear- 
ing stainless steels are made in induc- 
tion furnaces from selected raw ma- 
terials. During the melting operation, 
the metal is in continuous motion due 
to magnetic stirring resulting from 
induction currents. This _ stirring 
floats oxides and other foreign sub- 
stances to the top of the bath where 
they are removed. Prior to the teem- 
ing operation, a measured amount of 
a liquid slag, at 3000° F. is poured 
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into the mold. As the molten stainless 
steel flows through the high-tempera- 
ture slag, a washing action develops. 
The slag forms a protective covering 
over the surface preventing air oxida- 
tion. This hot slag also retards the 
rate of solidification, thus allowing 
any low density contaminants that 
might still remain to move into the 
yet unsolidified molten metal and float 
to the top of the ingot where they can 
be discarded. 


For further information circle No. 959 
on literature request card, page 48-B. 


Die Casting 

American Die Casting Machinery 
Co. has announced a new die casting 
machine that will handle shot capaci- 
ties up to 4 lb. It has 150-ton locking 
pressure and automatic electric cy- 
cling at speeds up to 500 shots per 
hour. Two models are available: 
Model 150Z hydraulically operated 
plunger goose neck type for zinc, tin 
and lead. Model 150A cold chamber 


type for aluminum, brass and magne- 
sium. Either standard or fire-resist- 
ant fluids may be used in hydraulic 
unit. 

For further information circle No. 960 
on literature request card, page 48-B. 


Oxygen Indicator 

An oxygen indicator, which can 
measure traces of molecular oxygen 
in a wide range of gases, including 
hydrogen, nitrogen, ethylene, other 
hydrocarbons either saturated or un- 
saturated, helium, argon, and other 
inert gases, has been announced by 
Baker & Co. The new instrument has 
two ranges, 0 to 10 and 0 to 100 ppm. 
When calibrated every 8 hr., it has 
an accuracy of +5% of full scale de- 


Jefferson 6-8610 


flection. Registration of a change in 
oxygen concentration begins within 40 
sec. and is 90% complete in 2% min. 
For further information circle No. 961 
on literature request card, page 48-B. 


Blast Cleaning 


Pangborn Corp. has announced a 
small 4-ft. Rotoblast table room for 
use in foundries and plants that re- 
quire a small, flexible machine for a 


wide range of cleaning operations. 
Castings, forgings and stampings up 
to 48 in. in diameter by 24 in. high, 
can be blasted. This new unit is capa- 
ble of blast cleaning loads weighing 
up to 4000 lb. A single door opens to 
expose half of the 48 in. diameter 
rotating work table. An overhead 
Rotoblast wheel, powered by a 10 hp. 
motor, will throw 15,000 lb. of abra- 
sive per hour. 

For further information circle No. 962 
on literature request card, page 48-B. 


Heater 

Gas Appliance Service has an- 
nounced a new rotor heating unit 
which bonds and blues rotors used in 
electric motors. It heats the periphery 
of the rotor to approximately 900° F. 
to separate the die-cast aluminum 
from the steel laminations. The heat- 
ing also blues the steel laminations 
and causes the shaft hole of the rotor 
to expand sufficiently to permit in- 
sertion of the shaft, which is locked 
into position when the rotor is cooled. 
Heating time is 3 to 4 min. for a 4-in. 
diameter rotor. The unit consists of 
a rotating refractory hearth ring 
with rotating fixture spindles, a fur- 
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ATTENTION MA. 


F-1212 Vacuum 
Furnace will answer 


pr y every 
production requirement. 


BOOTH 1377 THE METAL SHOW 


See the newest in vacuum equipment. Talk 
with experienced vacuum engineers and 


pr 


oduction men. 


World's largest semi-continuous high vacuum annealing furnace in operation at the Bridgeport Brass Co. 


HIVAC vacuum equipment provides new and 
practical answers to many production problems 


Vacuum melting and vacuum treat- 
ment have made possible the com- 
mercial production of metals and 
metal products with super mechani- 
cal and physical properties . . . and 
in addition, vacuum has proved the 
practical answer in many cases to 
faster, better production with fewer 
rejects and lower unit costs. 


HIVAC continues to pioneer in 
the vacuum field and is responsible 
for many of the advances in equip- 
ment designs and vacuum tech- 
niques. HIVAC offers you a wide 
range of reliable vacuum equip- 
ment, from small standard units 
such as the F-1212 Vacuum Melting 
and Processing Furnace . . . which 
will answer practically every lab- 
oratory or light production require- 
ment . . . to special, giant-size pro- 


duction units such as the world’s 
largest semi-continuous high vac- 
uum annealing furnace designed and 
built for the Bridgeport Brass Com- 
pany. 


Improving your product or pro- 
duction process through high vac- 
uum is our business, our only busi- 
ness. If you would like to see how 
you can benefit through vacuum 
metallurgy, HIVAC’s experience, 
cooperation, and modern production 
facilities are at your service. Call, 
wire or write. 


HIVAC 


HIVAC laboratory and 
production equipment 


Vacuum Melting Furnaces 
Vacuum Annealing Furnaces 
Vacuum Sintering Furnaces 
Vacuum Heat Treating Furnaces 
Vacuum Brazing Furnaces 
Diffusion Pumps 

Vacuum Metallizers 

Packaged Pumping Systems 
Bell Jor Evaporators 

Vacuum Ovens 


Write for catalog #552 


High Vacuum Equipment Corporation 
2 Churchill Rd., Hingham, Massachusetts 
: Hingh 6-2430 


tel 


For Vacuum Brazing and Heat Treat Services call or write our Processing Division, 
Kinetics Corp., Hingham, Massachusetts 
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nace chamber with multiple burners 
in the outer periphery. The furnace 
chamber operates at approximately 


1600° F. On 4-in. diameter rotors, 
production is from 350 to 400 units 
per hour. 


For further information circle No. 963 
on literature request card, page 48-B. 


Test Chamber 

A new temperature test chamber 
with 10 cu.ft. of work space has been 
announced by Tenney Engineering, 
Inc. The chamber incorporates single 
stage and cascade refrigeration sys- 
tems with hermetic compressors and 
fitted with air-cooled condensers. Four 


s.andard assemblies are offered with 
low temperature ranges of —40, —-85, 

100, and 120° F. and high tem- 
perature ranges of +240 and +350° 
F. Optional relative humidity could 
be 20°to 100°. (limited by +35° F. 
dewpoint) and 5% at +160° F. In- 
terior dimensions are 2 by 2 by 2% ft. 
For further information circle No. 964 
on literature request card, page 48-B. 


Gas Generators 

A new line of inert gas generators 
has been announced by Thermal Re- 
search & Engineering Corp. These 
generators utilize direct contact cool- 
ing of the products of combustion 
from a high-velocity burner. Either 
gas or oil models are available. Multi- 
ple-burner units are offered for very 
large capacity requirements. 
For further information circle No. 965 
on literature request card, page 48-B. 


OCTOBER 1957 


Heating Element 

The Globar Div. of the Carborun- 
dum Co. has announced a new Delta 
silicon carbide heating element which 
builds up resistance at a very gradual 
and uniform rate. The Delta elements 
can be installed in a het furnace, thus 
reducing downtime They can be used 
in periodic or continuous applications 
requiring temperatures up to 2800° 
F. Satisfactory results are also ob- 
tained in oxidizing and protective 
atmosp ieres. 


For further information circle No. 966 
on literature request card, page 48-B. 


Screw Parts Washer 

A new washing machine which 
automatically washes, rinses and dries 
screw parts coated with quenching oil 
and cleans the tote pans containing 
the screws has been announced by In- 
dustrial Systems Co. Each loaded fix- 
ture is slowly rotated as it passes 
through the washing, rinsing and dry- 
ing cycles. When heavier work items 
are processed the drum fixture is 
rocked instead of rotated to prevent 
nicking of parts. Model RJ-WRD 
heats by steam, is operated by one 
man and processes a tote pan of parts 
every minute at normal operating 
speed. The machine is adaptable for 


cleaning stampings, small castings, 
machine and electrical parts. 

For further information circle No. 967 
on literature request card, page 48-B. 


Automatic Loaders 

A new line of automatic loaders for 
heat-treat furnaces, plating lines, and 
continuous tumbling has been an- 
nounced by the Michigan Crane & 
Conveyor Co. The Man-O-Steel loader 
will deliver 500 to 5000 lb. of small 
stampings, screw machine parts, cast- 
ings or forgings per hour. 
For further information circle No. 968 
on literature request card, page 48-B. 


Aluminum Melting 

A new line of aluminum-melting 
furnaces has been announced by the 
Industrial Furnace Div., Eclipse Fuel 


This compact machine tests spotwelds, 
strip, wire, anything within its 20,000 


lb. capacity. Hydraulically powered, 
it has an easily controlled ram, self- 


acting specimen grips that are open 
sided for easy specimen insertion. 
This tester, Model ST-1, is ad- 
justable to take specimens 5” to 

9” in length. Various load 
gauges, grips, and other modifi- 
cations are available. 


Write for more information - 
give us your requirements. 


9384 Grinnell Ave., Detroit 13, Mich. 
"See us at the Show: Booth 848” 
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BEFORE 


3 MEN 8 HOURS 
PER WEEK 


1 MAN 6 HOURS 
PER MONTH 


A switch to Sun Quenching Oil Light resulted in this dramatic reduc- 
tion in cooler-maintenance man-hours in a major automotive plant. 


SWITCH TO SUN QUENCHING OIL LIGHT 
CUTS COOLER MAINTENANCE BY 94% 


After switching to Sun Quenching Oil Light, 
a leading auto manufacturer reported a 94% 
reduction in cooler maintenance. No heavy 
sludge deposit had formed on cooler coils after 
18 months of continuous use. It took fewer 
men far less time to clean coolers. 

Reason: Sun Quenching Oil Light has natu- 
ral detergency and solvent action that keeps 
cooling systems clean for long periods. 

It’s Versatile. Sun Quenching Oil Light 
can be used in any type of quenching-oil 
system. It has uniform quenching properties 
and low drag-out. 


It’s Economical. Sun Quenching Oil Light 
can save you money two ways... in low 
initial cost and in reduced maintenance. 

For Full Information, call your Sun rep- 
resentative or write to SUN Or Company, 
Philadelphia 3, Pa. Dept. MP-10. 


INDUSTRIAL PRODUCTS DEPARTMENT 


SUN OIL COMPANY puitapveteuia 3, PA. 


OSUN Ol. CO., 1957 


IN CANADA: SUN OIL COMPANY LIMITED, TORONTO AND MONTREAL 
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Engineering Co. 
for gas, oil, or combination firing, 
with burners mounted in the arch 


They are available 


or roof for firing down into both melt- 
ing and holding chambers. A total 
of 16 combinations of sizes and dip- 
out arrangements are _ available. 
Hourly capacities range from 300 to 
2000 Ib. 

For further information circle No. 969 
on literature request card, page 48-B. 


High-Temperature Testing 
Instron Engineering Corp. has an- 
nounced equipment for tensile testing 
at temperatures up to 2200° F. at a 
tensile force of more than 1500 Ib. 


A controller panel regulates tempera- 
tures within the furnace to within 
+2° F. A dual furnace arrangement 
can be installed for added versatility 
and speed of testing. 

For further information circle No. 970 
on literature request card, page 48-B. 


Silicon Iron 

A new silicon iron sheet material 
designed to increase the efficiency of 
transformers, motors and generators 
has been announced by the General 
Electric Research Laboratory. The 
new doubly-oriented magnetic sheet 
material can be magnetized in four 
directions and made in a wide range 
of thicknesses. A different kind of 
grain alignment (technically referred 
to as “cube texture”) gives magnetic 
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properties not only back and forth 
along the sheet but also back and 
forth across the sheet. Rigid control 
of the internal structure of the metal 
during all steps of processing, from 
the original casting through suc- 
cessive heat-treating and rolling-mill 
operations is maintained. The basic 
raw material is a form of silicon iron 
similar to the typical “soft’”’ magnetic 
sheet used in transformers and 
motors. 


For further information circle No. 971 
on literatare request card, page 48-B. 


Laboratory Ware 

A new high-alumina jar has been 
announced by McDanel Refractory 
Porcelain Co. The laboratory jar has 


a 96% Al.0; body with a MOHS hard- 
ness of 9. It has bronze hardware and 
rubber or neoprene gaskets. 


For further information circle No. 972 
on literature request card, page 48-B. 


Laboratory Rolling Mills 
Heavy duty, high precision 2-high/ 
4-high combination rolling mills for 
use in ferrous and non-ferrous metals 
laboratories and pilot plants have 
been announced by Loma Machine 
Mfg. Co. Designed for processing 
high temperature superalloys, nuclear 
fuels, stainless steels and refractory 


It’s NEW... 
it?s PROVEN! 


303 


ZINC 
BRIGHTENER 


For Still and 
Automatic Plating 


STABILITY 


BRIGHTNESS 


COVERING 
POWER 


FINE GRAIN 


ROHCO 503 is a balanced liquid form- 
ulation that has been tried and proven 
in 150,000 gallons of zinc solution. 
Remember, ROHCO analytical service 
and technical representatives are 
available for assisting you in conver- 
sion or any other plating 


Get information on 503 and other im- 
portant ROHCO ZINC BRIGHTENERS 
for economy and better plating 
results... 


| Write for details! 


R. 0. HULL & COMPANY, Inc. 


1308 Parsons Court 
Rocky River 16, Ohio 


Distributors and Stock Points 
in Principal Cities 
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metals, the mills have high separating 
force and torque transmission capac- 
ities. They are currently available in 
backup roll diameters from 6 to 15 
in., in work roll diameters from % to 
5 in., and in face widths up to 24 in. 


For further information circle No. 973 
on literature request card, page 48-B. 


Conveyor Oven 

Grieve-Hendry Co. has announced 
an oven with a conveyor belt which 
carries the product through the heated 
zone and can be arranged for both 
automatic loading and _ unloading 
facilities. The unit illustrated is gas 


fired, with a 1,000,000 Btu. burner 
and a maximum temperature of 450° 
F. The continuous belt is 36 in. wide 
and is driven by an electric motor. 
Speed of belt is adjustable from 2 to 


Impact cleaning, preparing surfaces for 
finishing, removing scale, or for any other blast 
cleaning or peening problem... The Cleveland Metal 
Abrasive Company has the right shot or grit for you. 


Write for our new catalog today! 


CLEVELAND METAL ABRASIVE Co. 
836 East 67th Street, Cleveland 8, Ohio 


Howell Works: Howell, Michigan 


Toledo Steel Shot Division: Toledo, Ohio 
One of the world’s largest producers of quality shot and grit-Hard lron-Malleable 


(Normalized*) Cast Steel (Realsteel*) 


*Copyrighted Trade Name 


10 ft. per min. Inside dimensions of 
baking chamber of the oven are 38 
in. by 24 in. by 15 ft. Ovens can be 
made for heating by gas, electric or 
steam. 

For further information circle No. 974 
on literature request card, page 48-B. 


Die Casting Machine 

A small aluminum cold chamber die 
casting machine has been announced 
by British Machines & Foundry Sup- 
plies, Ltd. This machine will cast 
aluminum alloys up to its capacity of 
2% oz. per shot and will cast up to 
200 parts per hour. The DCMT Rotor- 


caster has an air-operated impact- 
type injection system and a _ hand- 
operated toggle mechanism which 
opens and closes the die, thereby per- 
mitting operator to insert the stacked 
laminations into the cavity. 

For further information circle No. 975 
on literature request card, page 48-B. 


Cutting Titanium 

A portable nibbler that will cut 
titanium, stainless and all types of 
nonferrous metals without distortion 
has been announced by Fenway Ma- 
chine Co. The tool cuts up to 55 in. 


per min. with a minimum radius of 6 
in. but for a shorter 3 in. radius, a 
special die holder is available for use 
on 12 gage stainless and lighter metal. 
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Weighing only 13 lb. and measuring 
only 13 in. in length, the HN nibbler 
operates on a.c. or d.c., 115 volts, 60 
cycles. 

For further information circle No. 976 
on literature request card, page 48-B. 


High-Vacuum Pump 

A new high-vacuum pump has been 
announced by Rochester Div. of Con- 
solidated Electrodynamics Corp. It 
provides an electronic method for pro- 
ducing high vacuum without the use 
of organic pump fiuids. The Evapor- 
Ion pump creates a dry vacuum in the 
range from 10° to 10° mm Hg. It 
pumps active gases by the gettering 
action of evaporated titanium wire, 
and pumps inert gases by ionizing and 
burying them under a layer of tita- 
nium. Pumping speed is 1900 liters 


per sec. for nitrogen, 1000 liters per 
sec. for oxygen, and 3000 liters per 
sec. for hydrogen. 

For further information circle No. 977 
on literature request card, page 48-B. 


Creep Testing 

Creep testers for seasoning titan- 
ium specimens are now being fur- 
nished to customers’ specifications 
according to Riehle Testing Machines. 


OCTOBER 1957 


The new creep testers incorporate 
electric furnaces arranged in tandem 
so three titanium specimens can be 
seasoned at one time. 


For further information circle No. 978 
on literature request card, page 48-B. 


Vanadium Oxide 


A new grade of fused vanadium 
oxide (V.0;) with a nominal purity 
of 98% has been announced by Elec- 
tro Metallurgical Co. A_ typical 
analysis for a new grade is 98% 
vanadium oxide, 1 to 2% alkali oxides, 
maximum 0.05% sulphur and maxi- 
mum 0.2% insolubles. The low alkali- 
oxide content is significant in ferrous 
applications and the reduced insolu- 
bles content will aid in the manufac- 
ture of nonferrous alloys. 


For further information circle No. 979 
on literature request card, page 48-B. 


Welding Manipulator 

The C. B. Herrick Mfg. Corp. has 
announced a new ram-type welding 
manipulator. Electronic control of all 
ram machine movements plus inde- 
pendent and simultaneous control of 
both heads are featured. Are start 
and stop, wire inch up and down, cur- 
rent raise and lower, flux feed and 
shut off are also controlled. All con- 


trols, 
welder meters are in the pendant box. 


plus speed tachometers and 
Everything rides on the carriage. 
Welding may be performed with ram 
travel or track travel. 


For further information circle No. 980 
on literature request card, page 48-B. 


Power Presses 


A new series of air or hydraulic, 
desk-type production presses for pre- 
cision straightening, assembling, and 
cold riveting has been announced by 
General Manufacturing Co. The hori- 
zontal design of these 10 and 20 ton 
presses permits hand or automatic 
loading and unloading, particularly 
from overhead. Parts to be straight- 
ened are held in manual or air oper- 
ated centers or rollers while constant 
reading underside indicators show the 
amount of distortion and deflection 


Vapor Blast Liquid Honing is the original liquid 
abrasive surface conditioning process developed 
and perfected by the Vapor Blast Mfg. Co. It 
has proved itself in finishing, cleaning, descaling 
and deburring operations in scores of industries 


and many hundreds of plants. 


When a process proves so outstanding that it im- 
proves jobs, speeds up operations and cuts costs 
as much as 80°, its name may become generic. 
Of all the liquid abrasive methods in existence, 
only one has earned rights to the names Vapor 
always capitalized. 


Blast and Liquid Honing 


Insist on the original for your plant and toolroom 
idea is to write without delay 
for the complete story of what the genuine Vapor 
Blast Liquid Honing can do for you. 

Visit us at Booth 1394, 2nd World Metals 


operations A good 


Congress, or mail this coupon: 


ONLY VAPOR BLAST fiquid Honing 
CAN MEET YOUR STANDARDS IN 
LIQUID ABRASIVE BLASTING 


VAPOR BLAST MFG. CO., 3021 


*Liquid Honing and Vapor 
Blast ore trademorks 


W. Atkinson Ave., Milwaukee 9, Wis. 
Send complete information about applications of Vapor Blast Liquid Honing in 
....Cindustry). 
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the house 

BETTER 

CLEANERS 
BUILT! 


Twenty-five years ago Northwest Chemical Company was 
founded with the express idea of supplying BETTER cleaners 
to the trade. Today, thanks to a steadfast adherence to the 
policy of top quality ingredients carefully blended with 
mature experience and pleasingly flavored with good 
service, Northwest has attained a position of respected 
leadership in the cleaner field. 


A cleaner is only as good as the house behind it. Today's 
fast changing materials and methods quickly obsolete yester- 
day’s products and create a need for completely new types of 
cleaners. 


ers the BEST advanced thinking, no matter what the problem. 
You are paying for Northwest’s plus values wherever you 
buy. Why not avail yourself of them? 


OUR Northwest’s continuing research program offers our custom- 
t 


2 


h 
YEAR 


Northwest products are manufactured on the west coast by— 
ALERT SUPPLY COMPANY ~° Los Angeles 


NORTHWEST CHEMICAL CO. 


9310 ROSELAWN DETROIT 4, MICH. 


pioneers in pH cleaning control serving you since 32 
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necessary. Pressure is applied where 
needed through a single head on a 
rolling carriage or through multiple 
heads adjusted longitudinally to meet 
requirements. 


For further information circle No. 981 
on literature request card, page 48-B. 


Melting Furnace 

A new 50-lb. vacuum melting fur- 
nace has been announced by Hoskins 
Mfg. Co. The furnace includes most 
of the accessories normally found on 
1000 or 2000 lb. production vacuum 


furnaces. It is capable of melting and 
pouring four 50-lb. heats without 
breakirig the vacuum. The unit is be- 
ing used to determine whether elec- 
trical resistance and resistor alloys 
can be improved through vacuum 
melting, and to carry out experiment- 
al work with new alloys. 

For further information circle No. 982 
on literature request card, page 48-B. 


Abrasive Blasting 

A pressure blast wet blast unit, de- 
signed for the blending of cracks and 
flaws on the interior leading and trail- 
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ing edges of propeller blades, has been 
announced by Cro-Plate Co. It was 
adapted from a standard 30 by 30 in. 
hand cabinet. The angle iron frame 
work to the left of the cabinet supports 
the blade in a tilted position with the 
open hub end inserted into the cabinet 
so that the wet abrasive slurry emitted 
by the blast gun may be recirculated 
through the blast system. The operator 
takes his position at the right of the 
unit and manually inserts the gun 
lance into the interior of the blade. 
Fibre wheels, spring loaded, on the 
gun head guide the lance maintaining 
the direction and distance of blast 
from the three small nozzles mounted 
in parallel. 


For further information circle No. 983 
on literature request card, page 48-B. 


Stainless Plate 


Armco 17-4 PH stainless steel plate 
has been announced by G. O. Carlson, 
Inc. To produce this 3950-lb. plate, it 
is necessary to maintain a near-con- 
stant temperature from the time the 
ingot is poured through the slabbing 
operation. Plate measures 174 by 79 
by 1 in. 17-4 PH plate has the me- 
chanical properties of the hardenable 


chromium types and a _ workability 
and corrosion resistance approaching 
Type 302 or Type 304 stainless steels. 
For further information circle No. 984 
on literature request card, page 48-B. 


Temperature Reading 

W. C. Dillon and Co. has announced 
a new straight form thermometer. An 
adjustable mounting nut makes it pos- 
sible to turn and lock the head in 
position for maximum visibility. 
These instruments are made in both 
3 and 5 in. head sizes and can be sup- 
plied in stem lengths of from 2% to 
72 in. Ten different ranges are avail- 
able. 


For further information circle No. 985 
on literature request card, page 48-B. 


Vacuum Heat Treating 

A vacuum heat treating furnace 
which operates at 700 to 2150° F. at 
a vacuum of 0.1 micron has been an- 
nounced by C. I. Hayes. The furnace 
uses a heating element of new design 
which operates at low voltage. Baffles 


Fast-accurate 


SULFUR 


analysis 


with a 


DIETERT-DETROIT 
Sulfur Determinator 


The Dietert-Detroit 
Sulfur Determinator 
features an extremely 
simple direct-readi 
burette. No involv 
measuring or comput- 
ing. Provides fast ac- 
curate anal ysis of sulfur 
content in scores o 
materials. Low cost, 
durable, easily main- 
tained. Widely used in 
company laboratories 
and institutions of 
every description 
over 18 years. 


Dietert- Detroit Sultur Determinator 
No. 3104, with combustion Furnace. 


\ Send for FREE Catalog! 
16 page Dietert- Detroit Cata- 
log illustrates and describes 
both Sulfur and Carbon 
Determinators and complete 
line of accessory equipment 
and supplies. 


HARRY W. DIETERT CO. 


CONTROL EQUIPMENT 


9330 ROSELAWN DETROIT 4, MICHIGAN 
Send me your latest Carbon-Sulfur Determinator 
catalog. 
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all new 
inductron 


INDUCTION HARDENING MACHINE 


Cincinnati’s new Inductron® offers 
more advantages in performance, flexibility, 
ease of operation, and reliability of com- 
ponent life than any similar equipment 
previously offered to industry. Built in 15, 
30 and 50 KW capacities, these machines 
operate at frequencies up to approx. 1000 
KC for faster heating, thinner case, greater 
freedom from scale and distortion. 

All units are wired and equipped to 
operate on either voltage, 220/440. Power, 
in the smoothest form of d.c. possible, is 
adjustable over the entire range, using only 
a basic rectifier circuit with low-cost, long- 
life rectifier tubes. The standard Inductron 
has a manually adjustable output trans- 
former to accommodate a wide range of 
workpieces. A_ self-contained, externally 
variable output RF transformer can be 
provided at extra cost. The feed back (grid 
drive) system is self-regulating and requires 
no adjustment when changing work coils 
or transformer position, over the entire 
power range. 

Many more design advantages—in com- 
ponent and circuitry construction, in con- 
trols and instruments—are incorporated. 
* At the Metal Show Throughout, the new Cincinnati Inductron 
hy see the INDUCTRON assures you highest operating efficiency with 


simultaneously hardening both maximum component life. 
ends of Chrysler push rods. 
Rods are 5/16" x 11.58", SAE 
1056 steel. Special fixture 


into oll quench. *BUILDING BLOCK CONSTRUCTION 


ductron 
SHOW 
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SELECTIVE HEAT TREATING 


High machine flexibility for the flame 
hardening of an even wider range and diversity of parts . . . at greater- 
than-ever-economies . . . is the keynote of this new Cincinnati Flamatic®. 

The standard machine is built with a functional, flat bed design— 
having large, open area—on which any one of a wide variety of tooling 
and work-handling systems can be located. Thus the basic machine be- 
comes highly adaptable to a large range of work that previously fell in 
the “special or modified-standard”’ machine class. 

Other provisions include precision electronic temperature control 
system; compact, all-inclusive control cabinet; integral quench tank with 
high-capacity heat exchanger, quench agitation system, and large dis- 
charge conveyor that integrates with plant conveyor systems. 

As before, Flamatic gives you a wide choice of fuel gas, easy set-up and 
operation, automatic heating to pre-set temperature, uniform results, with 
top calibre construction that provides the utmost in freedom from downtime. 


When you have parts requiring selective surface hardening or other 
heat processing, you’ll profit by talking to Cincinnati . . . builders of both 
flame and induction hardening machines. Call in a Process Machinery 
Division field engineer. He is ideally equipped to evaluate your needs 
and give you unbiased recommendations as to the most economical! and 
efficient equipment for your work. 


BOOTH NO. 1798 
CHICAGO AMPHITHEATRE 
NOV. 4-8 
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all new 


FLAME HARDENING MACHINE 


At the Metal Show 
see the FLAMATIC 


simultaneously spot hardening 
both cup and pad sections of 
automotive rocker arms, six 
parts at a time... a typical 
adaptation of the standard unit. 
Part material is nodular iron. 
Timed cycle is automatic, ex- 
cept for loading of the fixture. 


THE CINCINNATI MILLING MACHINE (9 


CINCINNAT 9, OHIO, A. 
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Large Stocks of One-Piece Elements. You get quick deliveries of Norton “Hot Rods” 
— on short notice. Also, most popular sizes of these CRYSTOLON heating elements — like 
the sizes shown in this section of the Worcester stockroom — are now made in the new, 
one-piece construction — with no welds. This assures greater strength and uniform 
straightness throughout each rod. 
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ready for immediate delivery 


famous for Long Life and Economy 


CRYSTOLON* heating ele- 
ments bring you extra advan- 
tages for better performance 
and bigger savings. 


“Hot Rods” are a typical Norton R — an 
expertly engineered prescription for greater 
efficiency and economy in electric furnaces 
and kilns. Made of self-bonded silicon car- 
bide, each rod has a central hot zone and cold 
ends. Most popular sizes are non-welded and 
interchangeable with your present rods. 

You save in element costs because you use 
far less ‘“‘Hot Rods’. Also, their more uni- 
form heating quality, due to their slow, 
evenly matched rate of resistance increase, 
helps you protect product quality and main- 
tain a smooth production flow. For further 
facts on “Hot Rod” advantages send for 
booklet Norton Heating Elements, NORTON 
CoMPANY, Refractories Division, 329 New 
Bond Street, Worcester 6, Massachusetts. 


— 


Scientifically Safe Packaging. Here, a carton of 
“Hot Rods” has been cut in half to show you how our 
scientific packaging protects them even more thor- 
oughly than delicate household glassware or china. 
They’re packed shockproof to reach you unbroken. 


*Trade-Mark Reg. U.S. Pat. Off. and Foreign Countries 
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Greatly Increased Strength. Ever since they were first produced “Hot 
Rods”’ have been endorsed by users for outlasting other non-metallic 
heating elements up to 3 to 1. Today, the new one-piece rod, made in 
most popular sizes — and soon available in all sizes — is twice as strong 
in standard cross-bending tests. 


‘ 
7 


Straighter Than Ever. Looking down the entire length of a one-piece, 
non-welded “Hot Rod” you'll note there isn’t the slightest bulge in the 
surface. So, when you insert them into the openings of your furnace or 
kiln you can be sure there'll be no binding due to uneven diameters. 


WNORTONK 


REFRACTORIES 
Engineered... ....Prescribed 
Glaking better products ... to make your products better 


NORTON PRODUCTS 
Abrasives + Grinding Wheels « Grinding Machines + Refractori 
BEHR-MANNING DIVISION 
Coated Abrasives + Shorpening Stones + Behr-cat Tapes 
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have been eliminated from inside the 
unit and the inner chamber is of 
nickel-clad steel. An hydraulic lift 
raises unit head (and integral cooling 
chamber) to facilitate work handling. 
For further information circle No. 986 
on literature request card, page 48-B. 


Acid Inhibitor 


Enthone, Inc. has announced a new 
inhibitor for use in acid solutions. It 
can be used on high carbon steel with- 
out the danger of etching. It is used 
at a concentration of about 0.2% by 
volume and can be added to cold or 
hot sulphuric or muriatic acids, or to 
other nonoxidizing acids such as phos- 
pheric, hydrofluoric, oxalic and citric 
acids. 


For further information circle No. 987 
on literature request card, page 48-B. 


Parts Washing 

A new automatic washing machine 
that provides for all cleaning opera- 
tions in one central area has been 
announced by the Alvey-Ferguson Co. 
Two overhead conveyors and a flat- 
wire mesh-belt conveyor pass through 
the machine, which incorporates an 
automatically timed wash-rinse-dry 
cycle. The three conveyors may be 


operated either simultaneously or in- 
dividually as required. Common solu- 
tion tanks and spray system are used 
for all three conveyor lines. 


For further information circle No. 988 
on literature request card, page 48-B. 


Compression Tester 
Steel City Testing Machines has 
announced a new portable, hydrauli- 


Wear, Corrosion And Heat Resistant 
Welded HARD-FACED Components 
Produced To Specifications 


@ Whenever your product 
requires special components 
with superior wear qualities, 
precision surface finish that 
provides dependable long life 
service under severe operating 
conditions, specify Cleveland 
Hard Facing. 

As specialists in the applica- 
tion of welded hard facing 
metal overlays, we are com- 
pletely equipped and qualified 
to economically produce hard 
faced components to meet 
your specifications. For prac- 
tical assistance on your appli- 
cation, call on one of our 
specialists. 

Write for detailed literature. 


sialis 
Corro 


OF wer, 
ion And Heat Resistant 


| Hard Facing, Inc. 


3047 Stillson Avenue 


° =Cleveland 5, Ohio 


cally operated machine for quick com- 
pression testing. This unit has a ca- 
pacity of 150,000 lb. The overall 
weight of the tester is approximately 
170 lb. Any vertical dimension be- 
tween 9% and 32 in. may be obtained. 
Width between uprights is 11 in. The 
compressive force is provided by 
means of a hand operated pump which 
incorporates its own oil reservoir. A 
piston stroke of 1% in. is standard on 
this unit. 


For further information circle No. 989 
on literature request card, page 48-B. 


Calculating Machine 

A calculating machine that weighs 
only 8 oz. will be shown at the Na- 
tional Metal Exposition, Nov. 4 to 8, 


by Utility Supply. The Curta cal- 
culator can add, subtract, multiply, 
divide, square, cube, extract the 
square root. 

For further information circle No. 990 
on literature request card, page 48-B. 


Metal Cleaning Control 

An addition agent to replace the 
sodium hydrosulphite in metal clean- 
ing and copper cyanide baths has been 
announced by Northwest Chemical Co. 
Alkontrol reduces the hexavalent 
forms of chrome contamination to 
harmless ones. When used in a cop- 
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It isn’t easy .. 


pplying heat to industry has been Lindberg’s busi- 
ness for many years. But the way we've gone about 
our business is what's most important to you. First of 
all, Lindberg covers all phases of “heat for industry” in 
a much broader way than anyone we know in the field. 
So we can recommend just the right equipment, the correct 
techniques best suited to your individual requirements 
and your production methods. It's pretty significant, too, 
that over the years Lindberg has come up with many of 
the most vital improvements in the industry, frequently 
as an answer to customer needs for faster, more efficient, 
more economical methods. 


We've kept ahead of the field because here at Lindberg 
we have been able to put together an exceptional creative 
staff of metallurgists, research technicians and engineers, 
the best in the business, we vow. Also, through our 
world-wide organization, with plants and subsidiary 
companies in many countries, we are always abreast of 
the latest industrial developments anywhere. 


2450 WEST 


product. That’s what we're here for, to give you the right answers. Stay with us for five 


minutes and four pages and we'll give you an idea how Lindberg’s answers can ease your job. 


HUBBARD STREET 


. the job of knowing exactly the right way to apply heat in the making of your 


Here are a few examples of Lindberg 
innovations. Years ago Lindberg en- 
gineers pioneered and developed the 3 : 
famous Cyclone furnace, applying the 
first 100% forced convection heating 


principle for accurate, low cost tem- 
pering. This was followed by the introduction of the 
world’s first high temperature (2200° F.) endothermic 
generator and the raising of 100% high speed convection 
heating into the high temperature field. 


Modern heat treating methods owe 
aun T7774 much to Lindberg, what with the de- 
‘ea. velopment of controlled atmosphere 
generators, the creation of dew point 
iiTT equilibrium curves to establish proper 
atmosphere values for type of steel and temperatures 
involved and the exclusive Lindberg Carbotrol to main- 
tain these values automatically. For fuel-fired atmosphere 
furnaces we also perfected the ‘‘dimple’’ vertical radiant 
tube, a big step toward better furnace design. Provides 


more efficient heat application in more compact, less 
space-consuming furnaces. 
Portable, replaceable in a 
few minutes, this tube op- 
erates at maximum effi- 
ciency longer. 


CHICAGO 12 
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Scratch a new industrial heating idea and you'll find “Lindberg” every time. Our research and 


development engineers and technicians won’t have it any other way. That’s why they consistently 


come up with newer and better ways of making heat work for you in your industry, bless ’em. 


ou've probably heard a lot about Lindberg’s 
Y wonderful new CORRTHERM electric heating 
element lately. It's quite a thing! It makes carbonitriding 
and carburizing with electricity practical, efficient and 
economical. CORRTHERM 
elements operate at extremely 
low voltage, eliminating leak- 
age through carbon saturation, 
previously such a problem in 
electric atmosphere furnaces. 
With superlative heating units 
for either electric or fuel-fired 
furnaces you can be sure that 
Lindberg need play no favorite 
when recommending the equipment most practical, most 
efficient and most economical for your job. 


Our name is synonymous with carbonitriding and car- 
burizing furnaces. We've built thousands of them, from 
small jobs up to big three-row 

pusher automatics. At the left is 

one of the most widely used heat 

treating furnaces in the world. We 

call it Lindberg’s ‘‘Five-in-one”’ 

because it’s ideal for five jobs, car- 

bonitriding, carburizing, anneal- 

ing, hardening and carbon 

restoration. Our Heat Treat- 

ing Furnace Division has 

the experience, the know- 

ledge and the courage to 

engineer and build furnaces 

to meet the precision require- 


ments of any heat treating operation. We 

build them for carbonitriding, carburizing, 

hardening, tempering, normalizing, 

bright stainless annealing, brazing, car- 

bon correction, nitriding, sintering, or 

what need you. Atmosphere generators, 

too, all types of them to take care of any heat treating 
operation requiring a protective atmosphere. 


For research use Lindberg makes a broad line of heating 

equipment scientifically designed for maximum control 

and dependable operation, everything from simple hot 
plates to small heat treating furnaces 
actually usable for minor production 
jobs. An unusual Lindberg develop- 
ment for laboratory use is a High 
Frequency unit for carbon and sulfur 
determination. 


New at Lindberg is a line of larger-than-lab, smaller-than- 
standard equipment designed specifically for pilot plant 
use. You can test your materials, 

your methods, on equipment 

moderately priced but produc- 

tion capable. Fuel-fired, electric 

and High Frequency units are in- 

cluded. At the right is an electric 

vacuum-type furnace ideal for 

testing this newest and most 

promising heat treating method. For complete details 
write our Pilot Plant Equipment Division. 
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From a laboratory furnace no bigger than a breadbox to a car bottom furnace as big as a six- 


room house, there’s no limit to what. Lindberg can make heat do for you. Whatever product you 


make, if heat will make it better, there’s a Lindberg furnace that’s sure to do the job better. 


eat and aluminum have been Lindberg’s twin 
babies for years. Our research and engineering 
staff has made a lot of innovations in this field, too, 
starting with the now famous two-chamber induction 
melting furnace introduced more than 
ten years ago. Most recent development 
is the Autoladle (we call it ‘‘Little 
Joe’’), the first practical automatic alu- 
minum ladling unit yet devised. Used 
with Lindberg melting and holding fur- 
naces" Little Joe” makes automatic cast- 
ing of aluminum fast, dependable and 
economical. 


Lindberg’s Melting Furnace Division makes a wide variety 
of melting and holding furnaces for aluminum, brass, 
bronze, tin, zinc, lead and other non-ferrous metals. 
These include aluminum re- 
verbs, nose-pouring crucibles, 
electric resistance holding fur- 
naces (illustrated at the right 
complete with “Little Joe’’ au- 
tomatic ladling pump). For 
foundry, permanent mold or 
die-casting plant, independent 
or captive, there are Lindberg 
melting and holding furnaces to 
fit your requirements. If your problem in this field needs 
a special solution Lindberg’s design staff can find it. 


Suppose your industrial heating operation 
has to do with ceramics. We also offer you 
superior equipment for every ceramic appli- 
cation. Lindberg’s long experience in applying 
heat and atmospheres to metals has been 
a natural background for the development 
of ceramic kilns for all purposes. Our Ceramic 
Kiln Division provides all types of kilns, big ones, small 
ones, electric or fuel-fired, standard or special, for electri- 


cal ceramics, abrasives, refractories, ferrites, sintering and 


calcining, structural clay products and white ware. Shown 
above is an entirely new type of kiln, developed for the 
special requirements of electrical ceramics. It is com- 
pletely automatic, atmosphere controlled with five zones 
of control for flexibility. In ceramics, too, our designers 
and engineers welcome the opportunity to develop spe- 
cial equipment to fit your special product requirement. 


RG heat for industry 
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Bring all your questions to Lindberg at the Metal Show in Chicago. It’s 9 to 1 our eggheads 


can answer them. Just look for “Lindberg” and “Booth 620”. You'll find all the smiling faces 


there ...in the low-pressure area. A cordial invitation, too, to visit our Chicago plant. 


_ round out the full measure of 
its service to ‘heat for industry” 
Lindberg is one of the largest makers 
of High Frequency heating units. 
Our “H-F”’ designers and engineers 
have made outstanding developments 
in this important heat treating field. 
For example, at the right is a remark- 
able-unit just recently completed for 
aluminizing automotive valves. ItwasG 
designed vertically, saving 60% of 
floor space, and is completely auto- 
matic. No operator is required. It fits 
perfectly into an automated production line. 


Our High Frequency Division provides units for hard- 

ening, brazing, soldering, annealing and many other 
processes and designs a variety of fixtures for 
application to ““H-F"’ units. Lindberg also sup- 
plies a complete line of motor generators for 
all induction heating and melting applications. 
This equipment is available for M-G set fre- 
quencies of 1 KC., 3 KC. and 10 KC. and in 

power outputs from 30 KW. to 1250 KW. 


Lindberg also specializes in field installa- 
tion. We call this part of our business 
Lindberg Industrial. Whether your require- 
ments call for the installation of a big one 
like the aluminum reverberatory furnace 
shown below or a complete heat treating 
department of smaller units, Lindberg will handle the 
job all the way. We specialize in ‘‘turn-key”’ installations, 
covering everything from design and engineering to the 
finished job. This includes all the construction needed 
to fic the equipment into your production processes. 


Thanks for your attention to this brief story. For full 
details call your nearest Lindberg Field Represent- 
ative (see classified phone book) or write us direct. 


ERG heat for industry 


Lindberg Engineering Company, 2450 W. Hubbard St., Lindberg Industrial Corporation, 2321 W. Hubbard St., Chicago * Los Angeles 
planr, 11937 S. Regentview at Downey, California * EFCO-Lindberg, Ltd., Montreal, Canada * Lindberg Italiana, Milan, Italy 
The Electric Furnace Company, Ltd., Weybridge, Surrey, England * Etablissements Jean Aubé, Paris, France * Lindberg Industrie 
Ofenbau, Gross Auheim, Germany * Toyo Menka, Tokyo « Lindberg Engineering Company (Australia) Pty. Led., Melbourne 
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Visit us at Booth 1326 in Exhibition Hall, 


are just part of the Kolcast story 


This bulkhead for a missile is 30 inches in diameter, weighs 250 pounds. It 
was cast in high-strength, high-temperature alloy steel by Kolcast as an invest- 
ment casting. It has mot been machined! As-cast surfaces, contours and 
dimensions are so accurate that only a bare minimum of surface metal will 
have to be removed to prepare it for assembly. 

Parts produced by Kolcast can be as small as a cigar, as large as a washing 
machine . . . can weigh ounces or as much as 500 pounds. They are made with 
permeable inorganic ceramic molds. 

Kolcast also produces vacuum-melted, vacuum-cast parts from such super- 
alloys as Waspalloy, MT-252, GMR-235, Rene-41, M-308 and similar melts. 
The country’s largest induction vacuum melting furnace, and Kolcast’s 
exclusive process, keep super-alloy melts and castings free of oxygen and other 
strength-sapping gases. 

A Kolcast technical man can give you case histories on Kolcast parts. 


during the National Metal Exposition in Chicago 
... write for Booklet MP-10. 
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Of course everyone knows that heat treating today has become 
one of the most serious technical and vital functions of the cur- 
rent metalworking activity. But a smile and laughter are still also 
important and the cartoons shown here are for that purpose. 


We hope they make you grin and 
when it’s heat treating services you 
require or skilled, technical advice 
about part design or heat treatabil- 
ity, check with 


METAL TREATING INSTITUTE 
271 NORTH AVENUE 
NEW ROCHELLE, NEW YORK 


or any member listed below. 


ican Metal Treatment Co. 

Elizabeth, New Jersey 

Anderson Steel Treating Co. 
Detroit, Michigan 

Benedict-Miller, Inc. 
Lyndhurst, New Jersey 

Bennett Heat Treating Co., Inc. 
Newark 3, New Jersey 

Commercial Metal Treating, Inc. 
Bridgeport, Conn. 

Cook Heat Treating Co. of Texas 
Houston 11, Texas 

The Dayton For & Heat Treating Co. 

Dominy Heat Treating Corp. 
Dallas, Texas 

Dr 


ever Com 
Philadelphia %, Pennsylvania 
Greenman Steel Treating Company 
Worcester 5, Massachusetts 
fred Heinzelman & Sons 
New York 12, New York 


Alfred Heller Heat Treating Co. 
New York 38, New York 


Heat Treating Co. 
os Angeles 38, California 


L-R Heat Treating Company 
ersey 


The Lakeside Steel Co. 


Cleveland 14, Oh 


Metallurgical, Inc 


Inc. 
Minneapolis 14, Minnesota 


Metallurgical, | 


, inc. 
Kansas City 8, Missouri 


Metallurgical Corp. 
South Beston 27, Massachusetts 


Products Company 
St. Louis 10, Missouri 


Ate 


“ARE YOU SURF YOU UNDERSTAND THE PROPER 
BLAST CLEANING PROCEDURE ?” 


ved a Commercial Heat Treating Co. 
Pittsburgh |, Pennsylvania 
Pittsburgh Metal Processing Co., Inc. 
Pittsburgh 15, Pennsylvania 
Queen City Steel Treating Co. 
Cincinnati 25, Ohio 
J. W. Rex Company 
Lansdale, Pennsylvania 
Stanley P. Rockwell C 
Hartford 12, Connecticut 


The 


Son, Inc. 
Rock Island, tilinois 
Steel Treating 
Detroit 10, Michigan 
Syracuse Heat Treating Corp. 
Syracuse, New York 
Heat Treating Company 
Cleveland 16, Ohio 
CANADA 
8. & W. Heat 
Kitchener, 


of Canada Ltd. 
Toronto, Ontario 
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per strike, Alkontrol improves the 
deposition of copper casting patterns, 
and plating in low current density 
areas. It is added directly to cleaning 
baths at the rate of % oz. per gal. 


For further information circle No. 991 
on literature request card, page 48-B. 


Automatic Heat Treating 
Ipsen Industries, Inc. has an- 
nounced new loaders and unloaders 
for handling work in and out of auto- 
matic heat treating units. They re- 
quire a little more floor area than the 


physical size of the work trays they 


handle. Both units are available for 
stationary mounting or can be 
equipped with free running or motor 
driven wheels-on-track for transverse 
servicing of a number of furnaces, 
washers, or related accessories. 


For further information circle No. 992 
on literature request card, page 48-B. 


Temperature Measuring 

A new line of push-button selector 
switches for temperature measuring 
circuits has been announced by 
Thermo Electric Co. These switches 
permit checking of remote thermo- 
couples or resistance bulbs from one 


location. In addition, they also permit 
the averaging of temperatyres from a 
number of sensing elements. They can 
be used with all types of pyrometers 
and resistance thermometers. All 
switches have cross-bar palladium 
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contacts with contact springs of tem- 
pered nickel-silver. 


For further informatioa circle No. 993 
on literature request card, page 48-B. 


Drawer Oven 

Blue M Electric Co. has announced 
a heavy-duty drawer oven with auto- 
matic control system of wattage pro- 
portionment to temperature and work 
load. Standard model has 5 individual 
sliding, nontilting, perforated draw- 
ers, 18% by 20 by 5 in. in size. It 
operates in the temperature range 
of 100 to 400° F. 


For further information circle No. 994 
on literature request card, page 48-B. 


Rust Proofing 

Heatbath has announced a new rust 
proofer for ferrous metals. Rustgard 
is mixed 1 to 20 parts with water 
and applied by immersion or spray at 
temperatures up to 212° F. It is used 
on ferrous metals to prevent rust 
after machining, stamping, drawing 
and forging; during assembly, stor- 
age and shipping; and as a final pro- 
tective finish over conversion coatings 
such as black oxide and phosphates. 


For farther information circle No. 995 
on literature request card, page 48-B. 


Tube Cutting 
Pipe and tubing ranging in size 
from % to 1% in. o.d. in light gage 
to 16-gage wall thickness, can be cut 
on a new air-operated rotary cutoff 
machine, announced by Continental 
Machine Co. The operator feeds the 
pipe or tube to a pre-set stop, touches 
the air valve foot switch and the 
rotary blade descends at the desired 
cutting speed, cutting the material. 


For further information circle No. 996 
on literature request card, page 48-B. 


Electrode Holders 


Air Reduction Co. has announced 
new light-weight air-cooled and 


waftr-cooled manual holders, a 
heavy-duty water-cooled manual 
holder, and three new water-cooled 
machine holders for automatic and 
semi-automatic Heliwelding. Manual 
holders are 7% in. long and weigh 
4 oz. They have interchangeable lava 
nozzles, collets and caps. Machine 
holders are continuous duty and rated 
at 500 amp. d.c. 


For further information circle No. 997 
on literature request card, page 48-B. 


Ultrasonic Transducer 

A new ultrasonic transducer for ul- 
trasonic cleaning, degreasing, and 
processing has been announced by Vi- 
bro-Ceramics Div., Gulton Industries, 
Inc. Using Glennite piezoelectric ce- 
ramics, the ultrasonic transducer is 
designed for modular assembly to cover 
large areas with a nonfocusing and 
uniform sound field. It is hermetically 


sealed in stainless steel housing and is 
completely immersible in organic sol- 
vents, aqueous solutions of normal 
detergents, mild alkalis or acids. 


For further information circle No. 998 
on literature request card, page 48-B. 


Atmosphere Furnace 

L & L Mfg. Co. has announced a 
new combination of alloy muffle heat- 
treating furnace and atmosphere gen- 
erator. An elevator carries the metal 


parts to be heat treated to a vestibule 
where they are pushed into the firing 
chamber. The atmosphere generator 
uses an alcohol-water mixture as the 
material from which the atmosphere 
is generated. 


For further information circle No. 999 
on literature request card, page 48-B. 
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ies you can AUTOMATE your 


Loading Hopper 
Shaker Conveyor 
Heating Zone 

Quench 

- Quench Conveyor 

. Transfer To Wash 
Wash 

. Furnace (Tempering) 
Discharge 


C. |. HAYES EQUIPMENT INSTALLED IN A MAJOR ROLLER BEARING 
PLANT SPEEDS UP PRODUCTION, ASSURES TOP QUALITY PRODUCT 


Progressive manufacturers are proving that heat-treat 
automation can make a better product at less cost in less 
time. AUTOMATIC SYSTEMS became a reality with 
the development of vastly improved atmospheric 
control units, more versatile furnaces, more accurate 
controls, better drying equipment, and the vast array 
of conveyor belts, vibrators, tram rails, and similar 
units which allow the major components to be coupled 
together as an integrated system. 


Roller bearings of SAE 52-100 steel are loaded 
into hopper (1) which feeds the parts at a controlled 
rate to furnace shaker hearth (2), This hearth, of special 
construction, is designed to convey the parts through 


FREE LITERATURE 


Established 1905 
802 WELLINGTON AVE. . 


CRANSTON 10, R. |. 


the furnace (3) at a predetermined rate to the quench 
tank (4). These operations are performed under con- 
trolled atmosphere. 


Parts are then carried from the quench by conveyor 
(5) which discharges to chute (6) They then proceed 
through wash (7) and enter tempering furnace (8) and 
on to subsequent finishing processes. 


Act now to improve your heat-treating operation . 

whether it be just one phase or the complete process. 
C. I. Hayes application engineers will be glad to make 
recommendations based on their fifty year reservoir of 
design and application knowledge. Write or call today! 


Please send complete data. | am mostly concerned with the 
following heat treating procedures. 


0 High Speed Hardening [] Stainless Steel Heat Treating 

Tool Steel Hardening Sintering 

0 Carbo-Nitriding ( Copper Brazing and Soldering 

0 Tempering (0 Lead Pot Hardening and Tempering 
Vacuum Heat Treating Atmosphere Equipment 

C) Bright Heat Treating Other... 


Name Title 


Street 
City State 
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1001. Abrasion Tester 

Bulletin 5409 on new model standard 
abrasion testing set describes machine 
and its operation. Taber Instrument Corp. 


1002. Abrasives 

New catalog on various types of shot 
and grit abrasives. SAE specifications and 
types of cleaning and peening methods. 
Cleveland Metal Abrasive 


1003. Abrasive Cleaning 

Folder on Malleabrasive for airless blast 
cleaning equipment gives advantages, 
grades, equipment it may be used with 
and parts that may be clesned. Globe 
Steel Abrasive 


1004. Air Washers 

Bulletin No. 256 on acid-proof air wash- 
ers for ventilation systems. Construction 
and accessories. Automotive Rubber Co. 


1005. Alloy Castings 


8-page bulletin on alloy castings for 
heat treating. Ohio Steel Foundry 


1006. Alloy Castings 


22-page bulletin 2041 on heat and cor- 
rosion resistant castings. Blaw-Knox 


1007. Alloy Chart 

Comparison of AISI, SAE, ACI, AMS, 
WAD and PWA chromium and chro- 
mium-nickel stainless specifications. Can- 
non-Muskegon 


1008. Alloy Steel 

Data book on the selection of the proper 
alloy steel grades for each manufactur 
er’s needs. Whee!ock, Lovejoy 


1009. Alloy Steel 

14-page bulletin on two chromium- 
nickel alloy steels. Properties, working 
instructions, heat treatment, recom- 
mended uses. Carpenter Steel 


1010. Alloy Steel 

16-page book on type 9115 low-alloy high- 
strength steel. roperties, fabrication, 
welding. Great Lakes Steel 


1011. Alloy Steel 


207-page book gives more than 50 com- 
plete case histories of alloy steel usage. 
Climax Molybdenum 


1012. Aluminum 

16-page bulletin lists sizes, weights, 
lengths of aluminum in rod, bar, plate, 
sheet. Guide to selection, finishes, me- 
chanical properties. Ryerson 


1013. Aluminum Alloy 

Bulletin 103 on high strength aluminum 
alloy which ages at room temperature. 
Federated Metals Div. 


1014. Aluminum Alloys 

File on high-strength aluminum alloys 
gives advantages, applications, proper- 
ties. Frontier Bronze Corp. 


1015. Aluminum Bonding 
Brochure on Alumi-coat process of 

bonding aluminum and its alloys to fer- 

rous metals. Arthur Tickle Eng’g. Works 
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1016. Aluminum Bronze Alloys 

20-page booklet on chemistry, physical 
properties and uses of aluminum bronze 
alloys in rolled, extruded and cast forms. 
Ampco 


1017. Aluminum Extrusions 
Folder lists alloys used, finishes, trade 
phraseology. General Extrusions, Inc. 


1018. Aluminum Extrusions 
28-page book on extruded aluminum 


products. Design, tolerances, applications. 
Revere 


1019. Aluminum Strip 

20-page booklet on how it is made, sizes 
and weights of coils. Technical data on 
aluminum alloys used. Scovill 


1020. Ammonia 

New 69-page data book on anhydrous 
ammonia pm ammonia liquor. Chemical 
and physical properties, specifications, 
analytical procedures, bibliography. Ni- 
trogen Div. 


1021. Analysis of Nickel Alloys 

52-page Technical Bulletin T-36, “Meth- 
ods ya Chemical Analysis of Nickel and 
High-Nickel Alloy.” International Nickel 


1022. Annealing 

4-page reprint No. 62 on salt bath an- 
nealing of cold finished sections. Ajax 
Electric 


1023. Atmosphere Control 

8-page bulletin on furnaces, atmos- 
phere equipment, controls for bright an- 
nealing, hardening and tempering, batch 
annealing, age hardening and carburiz- 
ing. Surface Combustion Corp. 


1024. Atmosphere Furnace 

12-page bulletin 1054 on electric fur- 
naces with atmosphere control for hard- 
ening high speed steel. Sentry 


1025. Atmospheres 

Bulletin 1-10 supplies technical infor- 
mation on inert gas generators and data 
on costs. C. M. Kemp Mfg. 


1026. Atmospheres 

12-page Bulletin GEA-5907 on three 
gases. Case histories. Selection guide for 
different heating applications. General 
Electric 


1027. Automatic Controls 

56-page catalog 857 on automatic con- 
trols for heating and industrial applica- 
tions—pressure, temperature, liquid level, 
etc. Mercoid Corp. 


1028. Bimetal Applications 
44-page booklet. “Successful Applica- 

tions of Thermostatic Bimetal,” contains 

uses, formulas, calculations. W. M. Chace 


1029. Blast Cleaning 

24-page ae", 1210 on equipment and 
accessories for blast cleaning and dust 
control. Pangborn 

1030. Boron Stainless 


8-page booklet on composition, struc- 


ture, corrosion resistance, welding and 
mechanical properties of 1% boron stain- 
less steel. Superior Steel Corp. 


1031. Bracing 

8-page bulletin S-1050 on production 
brazing and soldering with automatic ma- 
Construction of custom models. 
elas 


1032. Brazing Carbide 

Bulletin 542 on brazing hard carbide 
with Silvaloy plymetal. Joint require- 
ments, brazing procedure, thermal stress 
in ~~ carbide tips. American Plati- 
num Works 


1033. Bronze Bearings 

12-page bulletin on Promet bronze 
bushings, bearings, bar stock and babbitt 
metal. Technical data. Case histories. 
American Crucible Products Co. 


1000. Refractories 


A new 24-page cement mor- 
tar manual informa- 
preparation, 
placing procedure and general 
instructions for 


contains 


tion on mortar 


gun-applied 


linings in oil refineries, power 


LUMNITE 
CEMENT 


Mortar 
Manual 


GUN 
APPLIED 
LININGS 


MASONRY 


plants, metal and similar indus- 
tries. An appendix adds data 
on selected aggregates, thermal 
conductivities and strength 
curves of concretes. The manual 
concludes with a bibliography 
of 68 recent articles on refrac- 
tory concrete. Universal Atlas 
Cement Co. 


1034. Burners 

New Buzzer catalog on industrial gas 
burners and gas furnaces for heat treat- 
ing carbon and alloy steels. Pot furnaces 
and melting furnaces. Charles A. Hones 


1035. Calculator 
Data on calculator which adds, sub- 
tracts, multiplies, divides. Utility Supply 


1036. Calibration 

12-page brochure on proving rings in 
weighing and force measuring systems. 
Their uses, construction and operation. 
Morehouse Machine 


1037. Carbides 

15 data sheets on Carmet carbide grades. 
Typical applications, analysis, physical 
characteristics and grain structure. Alle- 
gheny Ludlum Steel Corp. 


1038. Carbon Control 

Bulletin C-22 and reprint on Carbon- 
tronik for automatic control of carbon 
potential of atmospheres. Ipsen 
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Photo Courtesy Chicago Bridge & Iron Compony 


Visit us at Booth 325 National Metal 
Exposition and see what supervoltage 
ae radiography can do for you 


Van de Graaff 
supervoltage radiography gives you 


* High radiographic quality — Constant-potential point-source x-rays, 
from a focal spot only 1 mm in diameter, minimize scattering and 
give sharp definition. 

* Simplified installation — The ability to use short radiographic distances 
without sacrifice of quality permits installation facilities to be 
compact and low-cost. 

© Lowest capital cost for equipment in the supervoltage range. 


For detailed information about supervoltage radiography — its costs, 


advantages, Operating techniques, and examples of results being 
obtained — write for 24-page Bulletin R. 


Visit us at 


BOOTH 325 


National Metal Exposition BURLINGTON” 


38 


X-RAYS 
SPEED 
RADIOGRAPHY 


Short exposures on fine-grain film 
1 minute for 2%” of steel, 
with 1-Mev Model JR 


1 minute tor 5” of steel, 
with 2-Mev Model AR 


Penetrating power 


up to 5” of steel with I-Mev 
up to 10” of steel with 2-Mev 


Million-volt Van de Graaff ready to inspect 

welds in a pressure head fabricated at 

Chicago Bridge & tron Company. CB & | 

also uses this equipment for non-destructive 

inspection of welded shell seams in heavy- 
wall pressure vessels. 


at 


ic graphy of 342 inch 
thick steel weldment at Arnold 
Greene Testing Laboratory. A single, 
two-minute exposure from the 1-Mev 
Model JR Van de Graaff gives a 
complete set of radiographs that 
satisfy the rigid requirements of the 
atomic-energy industry. 


METAL PROGRESS 


SS 
~ 
3 
° 
/ 
pes 
MASSACHUSETTS | 
= 


1039. Carbon Control 

12-page catalog TD4-620 (2) on Micro- 
carb ae control for carbon po- 
tential in Homocarb furnaces. Leeds & 
Northrup 


carbon-dioxide 

consumable electrode arc weld- 
ing. Methods of supplying and flow char- 
acteristics of carbon dioxide. Properties 
of weld metal. Air Reduction 


1041. Castings 
Bulletin 3150-G on castings for heat, 
corrosion, abrasion resistance. Duraloy 


1042. Castings 


Literature on shell or sand castings of 
ArmaSteel, malleable iron or gray iron. 
Central Foundry Div. 


1043. Centrifugal Castings 
12-page indexed catalog on custom- 
made centrifugal castings of 70 different 
alloys. Analysis and properties of heat, 
corrosion and abrasion resistant alloys, 
carbon and low alloy steels, nonferrous 
metals. Sandusky Foundry and Machine 


1044. Chromate Finishing 
File on chromate conversion coatings 
for prevention of corrosion and paint- 
base treatment of nonferrous metals. 
Allied Research Products 


1045. Cleaning 

20-page booklet on machinery for spray 
washing and pickling, phosphatizing, dry- 
ing, vapor degreasing, heat treati 
other metal parts processing. Metalwash 
Machinery Corp. 


1046. Cleaning 

48-page pocketbook on how to clean 
aluminum and magnesium. Steps in- 
volved, methods, equipment. Oakite 


1047. Cleaning 

Folder on steel shot for cleaning alumi- 
num castings, gray iron castings, steel 
forgings and for shot peening. Steel Shot 
Producers, Inc. 


1048. Cleaning Aluminum 

12-page bulletin on cleaning process for 
preparing aluminum and magnesium for 
welding. Northwest Chemical 


1049. Cold Cleaners 

Bulletins 402 and 403 on cleaners for 
still tanks and 439 and 440 for power 
washers. E. F. Houghton & Co. 


1050. Compressors 

12-page data k 107-D gives engi- 
neering information on characteristics of 
turbo-compressors. 18 types of applica- 
tion described. Spencer Turbine 


1051. Construction Kit 

Folder and 60-page booklet on construc- 
tion kit of selected standard elements to 
be used in solving engineering problems 
and instruction. C. R. Carlson Co. 


1052. Contour Machines 

16-page bulletin on equipment for con- 
tour sawing, filing, polishing operations. 
DoAll Co. 


1053. Controlled Atmospheres 

Bulletin on Dewpointer for reading of 
atmosphere in field and laboratory. Read- 
ily portable, operating on a.c. or enclosed 
battery. Illinois Testing Labs. 


1054. Controlled Atmospheres 

Bulletin 753 on generator for atmos- 
pheres for hardening, brazing, sintering 
and annealing carbon steels. Hevi Duty 


1055. Controlled Atmospheres 

Illustrated literature describes con- 
trclled atmosphere installations. Gas At- 
mospheres, Inc. 


1056. Controllers 


56-page bulletin on new series }00W 
pneumatic controller. Control principles 
and control modes available. Bristol Co. 


reprint on 
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1057. Conveyors 


Bulletin MF-200 on conveyor standard- 
ization describes prefabricated sections 
for making customized conveyors. May- 
Fran Engineering 


1058. Copper Alloys 

40-page technical data book on eleven 
copper alloys. Properties, cleaning, an- 
nealing. Seymour 


1059. Corrosion Protection 

New 16-page bulletin on corrosion proof 
construction materials includes sections 
on corrosion proof cements, tank linings, 
protective coatings and others. Atlas Min- 
eral Products 


1060. Creep Testers 

Data file lists 8 models, gives salient 
features and illustrates them and uses. 
Arcweld Mfg. 


1061. Cutting Stainless 

8-page bulletin on shearing, blanking, 
perforating, friction sawing and flame 
cutting of stainless. Crucible Steel 


1062. Cutting Tools 

New 12-page catalog D-56 on aluminum 
oxide cutting metals, tool tips, throw- 
away inserts, cylinders and other machine 
turning and cutting tools. Metal Carbides 


1063. Degreasers 

Folder on vapor and solvent degreasers 
describes equipment and advantages. 
Randall Mfg. 


1064. Degreasing 

34-page booklet on vapor degreasing. 
Design, installation, operation and main- 
tenance of equipment. Circo Equipment 


1065. Descaling Stainless Steel 

Bulletin 25 on descaling stainless steel 
and other metals in molten salt. Hooker 
Electrochemical 


1066. Die Sections 

12-page bulletin on composite die sec- 
tions. Steels used, sizes, heat treating 
data, engineering data, examples. Com- 
posite Forgings, Inc. 


1067. Die Sets 
Catalog shows complete line of ball 
bearing die sets. Lempco Products 


1068. Disintegrators 

Catalog B-1 on disintegrator which will 
remove embedded broken tools. Specifica- 
tions. Jiffy Disintegrator 


1069. Dryer 

New bulletin 130 describes Aero after 
cooier for removing moisture from com- 
pressed air and gas. Application of equip- 
ment. Niagara B er Co. 


1070. Ductility Testin 

New bulletin on simple method of de- 
termining ductility of materials before 
drawing. Steel City Testing Machines 


1071. Electric Furnaces 


Bulletin on electric heat treating fur- 
naces fae summary of progress in fur- 
nace developments. Holcroft 


1072. Electric Furnaces 

Data sheet describes and gives specifi- 
cations of standard non-metallic resistor 
furnaces. Harrop Electric Furnace Div. 


1073. Electric Furnaces 

Folder on electric furnaces with zone 
control, temperature indication, automatic 
control. L L Mfg. Co. 


1074. Electric Furnaces 

8-page Bulletin 570 on heat treating, 
melting, metallurgical tube, research and 
sintering furnaces. Custom designs for 
special requirements. Pereny 


Gas-fired furnace 
for bright anneal- 
ing sterling and 
nickel silver hollow 
ware and flatware; 
equipped with wa- 
ter spray cooling 


In Rockwell Belt Conveyor Furnaces work 
moves continuously in a “thin” layer with 
uniform exposure of pieces to heating and 
cooling under “controlled” operating condi- 
tions..., The conveyor is self-emptying. ... 
It can be kept entirely within the furnace, 
thereby retaining heat, or it may move 
through a cooling zone or discharge work 


ROCKWELL 


Belt Conveyor 


Furnaces 
Electric - Gas Oil 


into a quench tank. ... Operating labor cost 
is low.... There need be no earrying pans 
or fixtures to load or handle. Material can 
be charged directly onto the conyeyor. 

The extensive Rockwell design file of belt 
conveyor furnaces has made them practically 
standard for a great many heating operations. 
Write for bulletin. 


W. S. ROCKWELL COMPANY 


FURNACES * OVENS * BURNERS * VALVES © SPECIAL MACHINERY 


2047 ELIOT STREET 


FAIRFIELD, CONN. 


Sales Representatives in Principal Cities 
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LASTRITE 


Write for our new catalog today! 


ABRASIVE SHOT = GRIT co. me. 


Springville, New York 
Telephone: Springville 1 


1075. Electric Furnaces 

12-page bulletin on box-type electric 
furnaces for toolroom applications. Per- 
formance data for each type. Westing- 
house Electric Corp. 


1076. Electric Furnaces 

16-page Bulletin No. 559 on melting, 
investment casting and other furnaces. 
Capacities and special features. Detroit 
Electric Furnace 


1077. Electrocoated Wire 

8-page bulletin on new wire materials— 
Nickelply and Brassply, electrocoated 
steel wire. How it may be formed, bent 
and twisted. National Standard 


1078. Electrode Shipments 

Data on damage-free gondola cars used 
to ship carbon and graphite electrodes. 
National Carbon 


1079. Electrolytic Iron 
New 4-page folder on uses and proper- 
ties of 99.9% pure iron. Van der Horst 


1080. Electron Microscope 

12-page bulletin gives construction and 
operation. Electron optical system, acces- 
sories. Philips Electronics 


1081. Electron Microscopy 
4-page bulletin on specimen one 
tion for electron microscopy, RCA 


1082. Electron Tubes 


Folder on tubes for industry, research 
and other applications. Separate data 
sheets give description, operating condi- 
tions, constant current characteristics. 
Machlett Laboratories 


1083. Electropolisher 

Theory and practice of electrolytic poi- 
ishing of sestiibersion! samples. Describes 
electropolisher. Metal Digest, Vol. 1, no. 
5. Buehler, Ltd. 


1084. Endothermic 


Atmospheres 
16-page reprint on endothermic atmos- 
pheres for heat treatment of steel. Effect 
of temperature on atmosphere. Calculat- 
ing analysis. Electric Furnace Co. 


1085. Extensometer 

8-page bulletin on extensometers for 
sheet metal and wire, compressometers, 
deflectometers and other accessories. 
Baldwin-Lima-Hamilton 


1086. Extrusion 

Folder describes the hot extrusion proc- 
- and gives its history. Jones & Laugh- 
in 


1087. Extrusions 

Bulletin on extruded seamless alloy and 
stainless steel tubing. Properties, shapes. 
Metals Processing Div., Curtiss-Wright 


1088. Extrusions 

New 20-page booklet on extruded rod 
and bar stock in beryllium copper, bery]- 
lium aluminum and beryllium nickel al- 
loys, beryllium metal and oxide. Beryl- 
lium Corp. 


1089. Fabrication 

Booklet on welded steel heavy fabrica- 
tion pictures and describes how various 
products are made. R. C. Mahon 


1090. Ferro-Alloys 

32-page book tells how ferro-alloys are 
made and how they are used. Electro 
Metallurgical Co. 
1091. Finishing 

New 52-page barrel finishing handbook. 
Modern processes described. Almco Div. 
1092. Finishing 

Six bulletins describing finishing com- 
pounds for stainless steel, aluminum, 
other metals. Apothecaries Hall 
1093. Finishing Machines 


Data sheet on centerless bar turning 


machines, bar straightening and polishing 
machines, swaging machines, roller flat- 
tening and cutting machines. Sutton En- 
gineering 


1094. Flame Hardening 
20-page booklet on precision flame 
hardening machine with electronic con- 
trol. Details of operation and applica- 
tions. Cincinnati Milling Machine 


1095. Flaw Location 
4-page folder on dye penetrant method 
of flaw location. Turco 


1096. Flow Meters 


Bulletin 203 on flow meter for gas used 
in heat treating. Waukee Eng’g 


1097. Forging Rolls 

12-page Bulletin 91-B on wide adjust- 
ment forging rolls illustrates equipment, 
lists accessory equipment and gives prin- 
cipal dimensions. Ajax Mfg. 


1098. Forgings 

New folder on facilities for production 
of flat-die forged products. Electronic 
equipment used. Smith-Armstrong 


1099. Forgings 

Bulletin on forge steelmaking, open die 
forging, machining, heat treating and fin- 
ishing. National Py rge 


1100. Forgings 

8-page brochure on facilities and qual- 
ity control for making steel and forgings. 
Pencoyd Steel and Forge Corp. 


1101. Forgings 

12-page booklet on how forged weldless 
rings and flanges are made. Case histories. 
Standard Steel Works Div., Baldwin- 
Lima-Hamilton 


1102. Forgings 

94-page book on die blocks and heavy- 
duty forgings. 20 pages of tables. A. Finkl 
& Sons 


1103. Forming 
86-page book on equipment and process 
of cold roll-forming. Wide sheets, nar- 
row trim, tubular shapes, curving, coiling, 
tooling needed. Yoder 
1104, Free-Machining Steel 
8-page bulletin gives machinability, 
heat treatment, fatigue resistance, and 
tensile properties for 0.45% carbon steel. 
Horace T. Potts Co. 


1105. Furnace 

Article on car-type furnace for heat 
treating castings at General Railway 
Signal Co. in Metal Minutes, June 1957. 
Sunbeam 


1106. Furnace Belts 

42-page booklet on alloy steel belts for 
continuous high-temperature furnaces. 
Belt selection guide. Wickwire Spencer 
Steel Div. 


1107. Furnace Belts 

44-page catalog describes metal belts for 
quenching, tempering, carburizing and 
other applications. Ashworth Bros. 


1108. Furnace Fixtures 

16-page catalog on baskets, trays, fix- 
tures and carburizing boxes for heat 
treating. 66 designs. Stanwood 


1109. Furnaces 

Bulletin on electric heat treating fur- 
naces describes five series and accessories. 
Lucifer Furnaces 


1110. Furnaces 

Bulletin 424R on gas, oil, and electric 
revolving retort furnaces for annealing, 
hardening, drawing. W. S. Rockwell Co. 


1111. Furnaces 

Data on line of melting, heating and 
heat treating furnaces for ferrous and 
nonferrous metals. Loftus Engineering 
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1112. Furnaces 

Folder on recirculating furnaces illus- 
trates and describes 9 models and endo- 
thermic gas generator. Standard Fuel 
Engineering Co. 


1113. Furnaces 

Folder describes complete set up for 
heat treatment of small tools, including 
draw furnace, quench tank and high tem- 
perature furnace. Waltz Furnace 


1114. Furnaces 

32-page catalog of industrial equipment 
includes furnaces and furnace accessories, 
special valves, mechanical equipment, 
materials handling. Salem-Brosius 


1115. Fused Quartz 

New brochure on fused quartz and sil- 
ica for use in furnaces and laboratory 
equipment. Properties and how they are 
formed into usable products. Amersil Co. 


1116. Galvanometers 

12-page bulletin No. 320 on three differ- 
ent types of galvanometer. Factors affect- 
ing selection. Rubicon 


1117. Gold Plating 

Article on analysis of gold and gold 
alloy plating solutions gives all currently 
procedures. Technic 


1118. Graphite 

4-page catalog section S-5050 on imper- 
vious graphite and resin-base cements for 
corrosive service. 2-page table gives rec- 
ommendations for commercial applica- 
tions. National Carbon 


1119. Graphite 

4-page folder on graphite crucibles, fun- 
nels, and special preformed electrodes. 
High-purity powder. United Carbon 
Products Co. 


1120. Graphite Electrodes 
Vest-pocket notebook containing 90 
pages of information on electric furnace 
electrodes and other carbon products. 
Great Lakes Carbon Corp. 


1121. Hard Facing 


New 4-page bulletin on corrosion re- 
sistant hard facing overlays. Processes 
for applying surfaces; properties of co- 
balt-chromium-tungsten facings. Cleve- 
land Hard Facing, The. 


1122. Hard Surfacing 

one hard ep manual tells what 
metals can be hard faced, how to select 
right hard facing material, lists step-by- 
step procedures and industrial applica- 
tions. Haynes Stellite 


1123. Hardenable Steels 
16-page reprint tells how chemical com- 
position affects ductility and notch tough- 
ness. Triple alloy steels compared with 
double or single alloy steels. International 
Nickel 
1124. Hardness Conversion 
Chart comparing various testing sys- 
tems and tensile strength of carbon and 
alloy steels. Babcock Wilcox Co. 


1125. Hardness Tester 

Bulletin on Impressor portable hardness 
tester for aluminum, aluminum alloys 
and soft metals. Barber-Colman 
1126. Hardness Tester 


Bulletin on how to test large gears with 
portable Brinell tester. King Tester Co. 


1127. Hardness Tester 
4-page bulletin on air-operated Brinell 


metal hardness tester. Operating princi- 
gies, specifications. Tinius Olsen Testing 
achine Co. 


1128. Hardness Tester 
20-page book on hardness testing by 
Rockwell method. Clark Instrument 


1129. Hardness Testers 
Catalog of testers for normal hardness, 
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superficial testing, accessory and special 
testing and micro and macro hardness 
testing. Wilson Mechanical Instrument 


1130. Hardness Testing 

Bulletin No. A-18 on Alpha Co. Brinell 
hardness testing machines. Gries Indus- 
tries 


1131. Heat Treat Pots 

6-page folder gives stock shapes and 
sizes. Tips on installation and use. Elec- 
tro-Alloys Div. 


1132. Heat Treating 

Alloy Sales Letter 289M on heat treat- 
ment and properties of Croloy 2%. Trans- 
formation curves. Babcock & Wilcox 


1133. Heat Treating 

Data sheets on Aeroheat 300 and Aero- 
heat 1000 heat treating salts. Properties, 
uses, operating characteristics. American 
Cyanamid 


1134. Heat Treating 
Continuous furnace for heat treatin 

rivets at Simmons Co. described in Meta 

Minutes, Dec.-Jan. 1957. Sunbeam 


1135. Heat Treating 

Folder illustrates various types of heat 
— furnaces and auxiliary equip- 
ment. Ferguson Equipment Corp. 


1136. Heat Treating 

4-page bulletin on protective coatings 
on steel from heat treating method. Pre- 
vention of carburization or decarburiza- 
tion, selective carburization. Park Chem- 
ical Co. 


1137. Heat Treating 

Monthly bulletin on used heat treating 
and plating equipment, available for im- 
mediate delivery. Metal Treating Equip- 
ment Exchange 


1138. Heat Treating 

12-page condensed catalog on selecting 
standard designs, modifying existing 
models, custom designed furnaces. Elec- 
gas-fired models. Pacific Scienti- 
Co. 


1139. Heat Treating 
16-page booklet on cost accounting for 
heat treating. Metal Treating Institute 


1140. Heat Treatin 

32-page book on industrial heating, spe- 
cialized equipment, skills, conversion 
tables and other data. Pittsburgh Com- 
mercial Heat Treating 


1141. Heat Treating Aluminum 

New bulletin SC-171 on furnaces, soak- 
ing pits, annealers, batch units for heat 
treating, melting, investment casting alu- 
minum and other light alloys. Surface 
Combustion 


1142. Heat Treating Fixtures 

24-page catalog on heat and corrosion- 
resistant equipment for heat treating and 
chemical processing. 30 classifications of 
equipment. Pressed Steel 


1143. Heat Treating Fixtures 
New 32-page catalog G-10A lists process 
equipment, heavy welded fabrications, 
muffies, trays, fixtures for furnaces, heat- 
treating, pickling equipment. Rolock 


1144, Heat Treating Fixtures 


12-page bulletin on wire mesh baskets 
for heat treating and plating. Wiretex 


1145. Heat Treating Furnaces 

12-page bulletin on recirculating fur- 
naces for heat treating aluminum alloys, 
annealing and stress relieving. Conveyor- 
ized, pot and batch types. Despatch Oven 


1146. Heat Treating Pots 

Bulletin 110 gives data on sizes and 
shapes of cast nickel-chromium solution 
pots. Fahralloy 


1147. Heat Treating Supplies 
e 


ning, 


Data sheets on carburizing, har 


Now available 
to help you 


INDUSTRY'S 
MOST COMPLETE 
RESISTANCE WELDING 
APPLICATION 
RESEARCH FACILITIES 


In response to industry's rapidl 
growing interest in resistance wae 
ing, the facilities of the Sciaky Re- 
search Division have been made 
available for contract research in 
the application of resistance welding. 

These facilities include an experi- 
enced engineering staff, a complete 
range of the most advanced resist- 
ance welding machines including the 
largest spot welder in the world and 
a laboratory equipped for metal- 
lography, chemistry, electronics, 
photography and testing as applied 
to resistance welding. 

Typical projects include: Coordi- 
nation of design and production for 
resistance welding; research on the 
weldability of new metals; investi- 
gation of weldability and pilot run 
of new product; research to develop 
data for roll spot welding heavy 
gauges of aluminum. 

If you have a fastening require- 
ment, here is the place to determine 
objectively the feasibility of resist- 


ance welding. Send an outline of 
your problems and ask for the 20- 
page Research Division brochure. 
Sciaky Bros., Inc., 4940 W. 67th St., 
Chicago 38, Ill., POrtsmouth 7-5600. 


The Scioky Research Division is housed in this mod- 
ern 15,000 sq. ft. building devoted exclusively to re- 
search in the application of resistance welding. 


Helps Put Profit 
Into Manufacturing 
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tempering, nitriding salts, metal cleanin, 
and rust prevention materials. Heatba 
Corp. 


1148. Heat Treatment 

Bulletin 200 on car hearth, rotary 
hearth, pit, roller hearth, belt, chain, 
pusher, and “hi-head” furnaces. R-S Fur- 
nace 


1149, Heaters 
Bulletin on immersion heaters for elec- 
troplating solutions. Glo-Quartz 


1150. Heating Elements 

bulletin gives typical applica- 
tions of silicon carbide heating elements. 
Hints on handling, unpacking, storage, 
installation, replacement. Globar Dvw., 
Carborundum 


1151. Heating Elements 

24-page booklet on elements for elec- 
tric furnaces and kilns includes techni- 
cal data, uses, physical and electrical spe- 
cifications. Norton 


1152. High-Speed Steel 

Folder on Electrite Double Six M-2 XL 
tungsten-molybdenum high speed steel 
containing alloy sulphides for pameoges 
machinability and increased tool life. La- 


1156. High-Temperature Alloy 

New 24-page booklet on properties of 
Multimet. Stress-rupture strength, short- 
time tensile data and fatigue and creep 
data. Haynes Stellite Co. 


1157. High-Temperature 
Alloys 
Data on wrought high-temperature 
Discaloy, K42B, and Refractaloy. Appli- 
cations, advantages, low-temperature ap- 
processing and properties. 
estinghouse Electric Co. 


1158. High-Temperature 
Castings 
16-page manual on heat and corrosion 
resisting castings. Principles of alloy com- 
position, their properties and limitations, 
stabilizing influences and heat treatment. 
Michigan-Standard Alloy Casting Co. 


1159. High-Temperature Steels 

87-page book on factors affecting high- 
temperature properties. 45 pages of data 
on tensile, creep and rupture properties 
of 21 high-temperature steels. U.S. Steel 


1160. High-Tensile Steel 
Bulletin on nickel-copper steel of low- 


trobe Steel Co. alloy, high-strength type. Youngstown 
1153. High-Strength Steel Sheet end Tube 


48-page book on T-1 steel, its proper- 1161 


ties and applications. U.S. Steel Immersion Heating 


4-page bulletin H-11 on correct selec- 
1154. High-Strength Steel tion, sizing and installation of equipment 
New folder on manganese-copper steels. for immersion heating. Eclipse Fuel Eng. 


fabricating practice. Republic 1162. 


1155. High-Strength Steels 
29-page discussion of progress being a 
made toward higher strength alloy steels. 1163. Induction Furnace 
Methods which increase strength of 4-page folder on combination induction 
nickel - chromium - molybdenum alloy melting and holding furnace and auto- 
steel. International Nickel Co. matic pouring unit. Ajax Engineering 


Induction Brazing 
Folder tells how tips of carbide may be 
brazed on tool shanks. Ohio Crankshaft 


Protects Metals at 
Red Hot Temperatures! 


UP TO 2200°F 


Heatproof Coating Stops 
Corrosion, Scaling and 
Oxidation 


Markal 


| HEAT-PROOF 
COATING 


MARKAL “S-R” Coatings were devel- 
oped to protect metals, graphite or carbon 
parts against scaling, corrosion, oxida- 
tion, or carbon and hydrogen penetration 
at temperatures up to 2200° F. MARKAL 
“S-R” Coatings are excellent for the pro- 
tection of stacks, radiant tubes, retorts, 
carburizing grids, mufflers, manifolds, etc. 


MARKAL “S-R” Coatings will not peel or crack at high tempera- 
tures and are not affected by rapid heating and cooling cycles. 


MARKAL Coatings are manufactured in a complete range of types 
for specific applications. Write for a free copy of Catalog MPC. The 
MARKAL COMPANY, 3118 W. Carroll Ave., Chicago 12, Illinois 


See Us at the Metals Show Booth # 1443 
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1164. Induction Heating 
Folder 15C8053C gives advantages of 
induction heating and specifications and 
dimensions of induction heater. Allis- 
Chalmers 


1165. Induction Heating 

8-page bulletin on low and high fre- 
quency uipment. Charts on depth of 
hardness, frequency selection chart. Mag- 
nethermic Corp. 


1166. Induction Heating 

12-page booklet B-6519 on equipment 
for induction heating for forging, hard- 
ening, annealing and metal joining. West- 
inghouse Electric 


1167. Induction Heating 

ped booklet, “Dr. Northrup’s Fire- 
less-Wireless Furnace,” gives story of de- 
velopment of high-frequency induction 
heating. Ajax Electrothermic Corp. 


1168. Induction Heating 

36*page bulletin on in- 
duction heating unit for brazing, harden- 
ing, ne annealing, melting and 
bombarding. Lepel 


1169. Induction Melting 
Bulletin 70 on furnace. Controls, de- 
signs. Inductotherm Corp. 


1170. Infrared Analyzer 

-y data sheet on infrared gas ana- 
lyzer describes instrument, its operation 
and maintenance. Leeds & Northrup 


1171. Infrared Heating 

New 8-page brochure on applications 
of radiant heating equipment. ens and 
components. Fostoria Pressed Steel Corp. 


1172. Inspection 

Bulletin GEA-6520 on new pinhole de- 
tector for automatically inspecting fast 
moving opaque strip for small holes. Gen- 
eral Electric Co. 


1173. Insulators 
Bulletin P1-55 on insulators and insu- 
lating tubing. McDanel Refactory Porce. 


1174. Lab Test Dies 


Complete information on multi-motion 
laboratory test specimen dies. Haller, Inc. 


1175. Laboratory Equipment 
New bulletin on cutting test specimens 

describes methods for different types of 

metals. Price list. Sieburg Industries 


1176. Laboratory Furnaces 
Folder describes and illu tes tubu- 

lar furnace for use in tensile testing, and 

control panels. Marshall Products 


1177. Laboratory Supplies 

Instruments and apparatus for control, 
research, development laboratories. Har- 
shaw Scientific 


1178. Lubricants 

8-page booklet on colloidal greases, 
fo p hey my, hydraulic concentrate 
and others. Grafo Colloids 


1179. Lubricants 

Eighth revision of list of colloidal graph- 
ite, molybdenum disulfide and zinc oxide 
dispersions for industry. Acheson Colloids 


1180. Machinery 

New booklet on how to buy a used ma- 
chine tool. Written in question and an- 
swer form. S & S Machinery Co. 


1181. Machining Copper 

32-page booklet gives cutting speeds, 
feeds, rakes, clearances for more than 40 
copper alloys. American Brass 


1182. Machining Magnesium 
64-page book discusses the various ma- 

chining operations, machinability, cool- 

ants for magnesium. Dow Chemical 


1183. Manganese 


9-page article on electromanganese. 
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Manufacturing procedures, 
acteristics, uses. In Foote 
No. 2. Foote Mineral Co. 


roduct char- 
ints, V. 28, 


1184, Magnesium Specs Specs 

Bulletin DM12n on Sis of 
ernment agencies, AMS, ASTM. 
Dow Chemical 


1185. Marking Metal 
Bulletin on electromark process. Equip- 


ment. Operating instructions. Electromark 
Corp. 


1186. Master Alloys 


24-page pocket bulletin on high alloy 
materials for remelting purposes also in- 
cludes metric —— tables, element 
melting ints, rature conversion 
tables. Alloy Metal roducts, Inc. 


1187. Melting Furnace 
Bulletin gives specifications, diagrams, 
and other technical data on 
mplex melting furnaces. Lindberg En- 
ginaeving 


1188. Melting Furnaces 

New Catalog C5A gives applications and 
specifications of 10 different types of 
melters—soft metal, brass, aluminum, 
crucible type and others. American Gas 
Furnace Co. 


1189. Melting Furnaces 
28-page catalog and new folder on 

Heroult electric furnaces. Design, types, 

sizes, capacities, ratings. American Bridge 


1190. Metal Identification 

New booklet on Metal Monitor for non- 
destructive metal identification. Brush 
Electronics 


1191. Metallograph 


12-page book on desk-type metallo- 
graph. American Optical 


1192. 
20-page booklet 232, on Balphot all- 
metallograph—bright field, dark 
hel polarized light, phase contrast. 
Bausch & Lomb 


1193. Microscopes 

40-page catalog on metallographs, met- 
allurgical, toolmakers, stereoscopic, po- 
larizing, phase and other microscopes. 
Unitron Instrument Div., United Scien- 
tific 


1194. Microhardness Tester 
Bulletin describes the Kentron micro- 
hardness tester. Torsion Balance Co. 


1195. Microhardness Tester 
Data on combination microhardness 
tester and metallurgical microscope. 


Sheffield Corp. 


1196. Mixers 

20-page catalog B-104 on 1 to 25 hp. side 
entering mixers. Specifications, mechani- 
cal design, maintenance. Mixing Equip- 
ment Co. 


1197. Moisture Control 

Bulletin 1834A on instrument for moni- 
toring or controlling of trace quantities of 
moisture in S or gaseous mixtures. 
Consolidated Electrodynamics Corp. 


1198. Moisture Measurement 
12-page bulletin on how to measure 

water vapor in air and other gases. Grav- 

ometric, dew point and wet and dry bulb 

, and others. Pittsburgh Lectro- 
ryer 


1199. Nitriding 


Data on process for nitriding stainless 
steel. Standard Steel Treating 


1200. Nondestructive 
Inspection 
8-page bulletin on use of ultrasonic 
Reflectoscope describes principles of ul- 


trasonic inspection and its uses. Sperry 
roducts 
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1201. Nondestructive Testing 
8-page bulletin es uipment for non- 


destructive testing of rods, tubing. 
Magnetic Analysis 


1202. Nonferrous Forgings 
34-page booklet on brass, bronze and 
aluminum vi ngs. How they are made, 


composition alloys, tolerances. Muel- 
ler Brass 


1203. Nonferrous Wire 

Folder ~ wire gage and footage 
chart and data on ryllium copper, 
phosphor bronze, nickel, silver, brass and 
aluminum wire. Little Falls Alloys 


1204, Oil Quenching 

8-page brochure tells in detail how 
carbon steel often can replace alloy steel 
when additive is used in the quenching 
oils. Aldridge Industrial Oils 


1205. Oils 

4-page bulletin on industrial products 
lists lubricants, hydraulic oils, cutting 
oils, quenching and tempering oils. Sun 
1206. Ovens 

16-page bulletin No. 53 on various types 


of core and mold ovens, special ovens 
and heat treating furnaces. Carl-Mayer 


1207. Paintin 


Brochure on airless spray painting. 
Bede Products 


1208. Pickling Baskets 
Data on baskets for degreasing, pick- 
ling, anodizing and plating. Jeli 


1209. Pickling Baskets 

12-page bulletin on mechanical pick- 
lers, crates, baskets, chain and accessor- 
ies. Youngstown Welding & Eng’g 


1210. Plating 


New data and specification sheet cover- 
ing tin plating a wide range of nonfer- 
rous thin strip metals. Somers Brass Co. 


1211. 


4-page bulletin GER-1333 on electric 
heat for plating baths. Installation, insu- 


Plating 


lation, wer requirements and mainte- 


nance. General Electric Co. 


1212. Platin ing, 
New 8- ty dn ure on test equipment 

for plating Controls, anodes, cath- 

odes, agitators, rectifiers. R. O. Hull 


1213. Portable Recorder 

Bulletin 60-100 on instrument for re- 
cording any measurement that can be 
converted to a change in resistance of 
d.c. millivoltage. Thermo Electric 


1214. Potentiometer 

New 64-page bulletin P1245A on elec- 
tronic ——— and bridge instru- 
ments for recording and ee In- 
struments and components, principles of 
operation, specifications. Equipment in 
which they are incorporated. Bristol Co. 


1215. Potentiometer 
Controllers 
24-page bulletin 16-10 describes instal- 
lation, operation, advantages of automatic 
temperature controllers. Foxboro Co. 


1216. Powder Metallurgy 

Folder on tooling for powder metal- 
lurgy discusses high speed steels, die 
steels. Vanadium-Alloys Steel Ce. 


1217. Powder Metallurgy 
4-page folder presents extensive der 

metallurgy bibliography for 1 and 

1955. Harper Electric Furnace Corp. 


1218. Powdered Iron 


Properties of Plast/Iron = ont with 
out copper. Plastic Metals Di 


1219. Powdered Metals 
Booklet on design, properties, produc- 


proMel 


ENGINEERED 
BRONZE BEARINGS 


So certain that the formula developed 
specifically for your bearings, bushings and 
wearing parts will be absolutely correct, American 
Crucible guarantees longer, trouble-free service or money refunded, 


The customer's opinion is final. 
Write for free literature and service data sheets or send 
prints and conditions of operation for recommendations 
and quotations. No obligation. 


THE 


1303 Oberlin Avenue 


Lorain, Ohio, U.S.A. 


within glove box enclosure for 


% & 5x8 mill with roll change 
mechanism, designed to operate 


processing pyrophoric materials 
at Argonne National Laboratory 


Looking For a Versatile Mill 
To Roll Your Toughest Metals ? 


Proven to be the ideal rolling mill for handling such highly work 
hardening materials as stainless steel, titanium alloys, beryllium 
copper, nickel-iron, magnetic materials, and jet engine super alloys. 
This extremely rugged and compact unit offers you a complete roll 
change in less than 15 minutes by means of a revolutionary, quick 
release mechanism. As a 2-high mill, or as a 4-high mill, offering a 
choice of work roll diameters, it may be arranged with individual or 
base-mounted pay-off and recoiler and used as either a one-way or 
reversing unit. Rolls may be heated electrically or by steam. 

Whether your requirements call for hot or cold rolling of wire 
shapes, hot or cold reduction of ingots and bars, or finish rolling of 
strip to less than 0.001”, you can now have at your command one 
mill to do all or a combination of these jobs. 

STANAT builds a complete line of 2-high/4-high mills ranging 
from %& & 3x5 to 54 & 14x 16 in addition to metal powder rolling 
mills, slitting lines, levelers, wire flattening mills and wire drawing 
equipment. 


Don’t Miss Booth 1442, 
National Metal Exposition 


STANAT MANUFACTURING CO., INC. 


572 Shames Drive, Westbury, L.I., N.Y. 


2-High/4-High Combination 
Torque Arm Rolling Mill 


tion and application of brass and other 
nonferrous powder parts. 24 case histor- 
ies. New Jersey Zinc 


1220. Powdered Metals 
24-page catalog 815 on 37 different 


models of powder metal presses. F. J 
Stokes 


1221. Precious Metals 
Data on bright gold, bright silver, rhod- 
ium plating and salts. Sel-Rex 


1222. Precision Casting 

8-page bulletin on investment castings 
of various ferrous and nonferrous alloys. 
Engineered Precision Casting 


1223. Precision Casting 
12-page book on alloy selection and 
design for investment casting. Arwood 
Precision Casting 


1224. Protecting Tubes 

New bulletin 1000-56 on ceramic pro- 
tecting tubes lists sizes and materials. 
Claud S. Gordon 


1225. Protective Coatings 

Folder 301 on industrial protective coat- 
ings of rubber, neoprene and other ma- 
terials. Arco Steel Fabricators 


1226. Pyrometer 


Catalog 95 gives advantages, applica- 
tions, operating procedure. accessories. 
Pyrometer Instrument Co. 


1227. Quenching 
Catalog FR-853 on two small self- 
contained quenching units. Bel! & Gossett 


1228. 

Heat Treat Review, Vol. 7, No. 3, con- 
tains a discussion of quenching media, 
temperature ranges. Surface Combustion 


1229. Quenching 

16-page booklet on modified and full 
marquenching procedures. Hardness and 
dimensional control data, cooling curves, 
case histories. Sinclair Refining Co. 


1230. Radiation Products 
8-page catalog on equipment for nu- 
clear research. Radioactive sources, 
shielding and exposure equipment, in- 
struments, services. Budd Co. 


1231. Radiography 

26-page brochure on very high voltage 
equipment for radiography and how it is 
used. High Voltage Engineering 


1232. Rare Earth Metals 


29 references to recent applications of 
the rare earth metals in iron, steel and 
other ferrous alloys. New Process Metals 


1233. Rare Earths 


12-page handbook on rare earth chem- 
icals, thorium. Applications of rare earths. 
Heavy Minerals Co, 


1234. Recirculating Furnace 

Bulletin on continuous-tvpe recirculat- 
ing furnace shows design of furnace, its 
operation and advantages. Industrial Heat- 
ing Equipment Co. 


1235. Refractories 

New refractory catalog sheets on Di- 
ablo-D refractory brick and Refracrete 
castable. Refractories Div., Gladding, Mc- 
Bean & Co. 


1236. Refractories 

8-page catalog of super refractory 
shapes, tubes, insulators for use to 3000° 
F. Morganite 


1237. Refractories 


16-page catalog 101 on mullite refrac- 
tories. Applications, ramming mixes, re- 
fractory mortars, patching mixes, castable 
refractories. Reference chart. Refractor- 
ies Div., H. K. Porter Co. 


1238. Refractories 
40-page book lists super-refractories for 
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h.at treating furnaces and gives data on 
use in different kinds of furnaces. Re- 
fractories Div., Carborundum 


1239. Refractory 


Bulletin on castable refractories. How 
to use them. Properties of four types. 
Standard Fuel Engineering 


1240. Resistance Alloys 

New 20-page booklet M-57A on 80-20 
nickel-chromium alloy. Heating element 
design data. Metallurgical factors which 
affect high-temperature operations. Hos- 
kins Mfg. 


1241. Resistance Material 

16-page brochure on high-temperature 
electrical resistance heating material. 
Electrical, chemical and physical charac- 
teristics of new cermet material. Kanthal 
Corp. 


1242. Rust Prevention 

Data sheets describes solvent type and 
emulsifiable type rust resisting com- 
pounds. John Swift Chemical 


1243. Rust Preventive 


Bulletin 22 on water-soluble rust pre- 
ventive for cast iron and steel. Produc- 
tion Specialties 


1244. Salt Bath Descaling 

12-page bulletin B-40 describes contin- 
uous and batch descaling lines for remov- 
ing oxide from steel, bronze, copper, 
stainless and titanium. Drever 


1245. Salt Bath Equipment 
———- bulletin on Kolene descaling, 
desanding, and graphite removal proc- 
esses. Kolene Corp. 


1246. Salt Bath Furnace 

4-page reprint No. 156 on salt bath 
furnace for brazing and ek braz- 
ing, and hardening. Ajax Electric Co. 


1247. Salt Bath Furnace 

Bulletin 655 on immersed electrode salt 
bath furnace gives advantages, applica- 
tions, construction. Hevi Duty 


1248. Salt Bath Furnaces 
Data on salt bath furnaces for batch and 
conveyorized work. Upton 


1249. Salt Bath Furnaces 


Folder on salt bath furnaces, Type 701, 
gives advantages. A. F. Holden 


1250. Sample Preparation 
5-page discussion of metallurgical sam- 
ple preparation and measurement of 
lated sections. Metal Digest, Vol. 3, no. 
Buehler, Ltd. 


1251. Sand Systems 
Bulletin No. SL-3 shows layout of sys- 
tem and controls. Harry W. Dietert Co. 


1252. Seamless Castings 
4-page brochure on stainless steel sand 

castings. Types of stainless in which cast- 

ings are available. Alloy Steel Casting Co. 


1253. Selective Strippers 
Bulletin on materials for selective strip- 

ping of one metal from another—electro- 

— metals, solder or brazing excess. 
nthone 


1254. Shear 

Bulletin on bar and billet shear for 
rounds, squares, flats, billets and struc- 
turals, either hot or cold. Hill Acme Co. 


1255. Shot and Grit 

14-page catalog describes cast steel, 
malleable iron, chilled iron, cut wire and 
other forms of abrasive shot and grit. 
Methods of shot peening and impact 
cleaning. Abrasive Shot & Grit Co. 


1256. Shotblasting 
16-page “Primer on the Use of Shot and 


Grit.” Problems of blast cleaning opera- 
tions. Hickman, Williams 


1257. Slitter 
New 16-page booklet on rotary gang 
(Continued on page 48-A) 
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MEETING DESIGN NEEDS 


FOR HIGH STANDARDS 
AND LOW UNIT COSTS 


MELETRON USES BRASS POWDER 


Design requirements for these automatic electric controls are very 
rigid because of exposure to extreme temperature, humidity, 
dust, and vibration in all types of aircraft and industrial equip- 
ment. The heart of this Pressure Actuated Switch is the contact 
element that can be set to a specified change in pressure and 
then relay the change to an outside electric circuit. 

BRASS sinterings were chosen by Meletron, pioneers in the 
manufacture of Pressure Actuated Switches, for this switch con- 
tact because of high electrical conductivity and corrosion re- 
sistance. Their fabricator* met the high performance standards 
of the industry at a low unit cost and, equally important, at a 
low tooling cost. 

When evaluating your design needs, first investigate powder 
metallurgy. Find out what BRASS AND OTHER NONFERROUS 
POWDER PARTS can do for your products. 

*Pacific Sintered Metals Company, Los Angeles. 


204 
273 


How Can BRASS AND NICKEL SILVER 
POWDER PARTS Meet Your Design Needs? 


For detailed information on the design, 
properties, production and application 
of brass and other nonferrous powder 
ports you should have a copy of our 
manual. It will give you 20 case his- 
tories of brass and nickel silver powder 
structural parts to assist in evaluating 
this means of production in terms of 
your particular needs. 


4 SEND FOR YOUR COPY 


THE NEW JERSEY ZINC COMPANY 


Front Street New York $8, 
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James G. Goodwin (Penn State '51), Senior Engineer in the Special Materials Section of Bettis Atomic Power 
Division, on left, examines a completed weld made on the central thimble tube. Mr. Goodwin directed the program 
to develop the proper process for fabricating Zircaloy-2 Pressure Vessel for irradiation studies. Richard M. 


Lieberman (Lafayette '52), Associate Engineer in the Loop Design and Operation Group, checks voltage and 
amperage records of the welding performance. 


METAL PROGRESS 


| 
hy 
46 


To test fuel elements being developed for a pres- 
surized water reactor, engineers at Bettis Atomic 
Power Division have constructed an in-pile loop 
capable of sustaining fuel element temperatures and 
heat output conditions which approximate and even 
exceed actual reactor operating conditions. Stainless 
steel had been used for such loops. However, since 
increased neutron efficiency was desired, considera- 
tion was given to materials with lower neutron cross 
sections. A zirconium alloy (Zircaloy-2) was selected 
as an alternate material because, in addition to low 
thermal-neutron absorption, it has excellent corro- 
sion resistance to high temperature water. 

After Richard M. Lieberman, Associate Engineer 
in the Loop Design and Operation Group, designed 
the tube, James G. Goodwin, Senior Engineer in the 
Special Materials Section, directed a program to de- 
velop the proper process for fabricating the appara- 
tus which was to be capable of withstanding 2500 
psi internal pressure at 650°F. The vessel, construct- 
ed from a tubular extrusion (4.520 in. OD x 3.136 
in. ID x 22 ft % in. long) was one of the largest 
single items ever manufactured from Zircaloy-2 and 
involved problems in four major areas: extrusion, 
machining, welding, and corrosion resistance. 

Several problems were anticipated in extruding 
the tube. First, the severe galling tendency of Zirca- 
loy created lubrication problems particularly on the 


tube ID. The long extrusion billet and the relatively. 


small ID of the tube introduced problems concerned 
with the strength of a long, thin mandrel under the 
severe tensile forces of extrusion. Because of the 
small amount of metal cleanup allowed for the ID 
due to mandrel diameter limitations, good concen- 
tricity of the extruded tube was mandatory. 

In order to straighten the 22 ft tube for accurate 
and precise machining, cold deflections of up to 
7 in. were required. 

The problem of producing sound welds included 
the need for complete penetration at the weld joints 
and rotation of the massive unit at a uniform speed 


METALLURGICAL PROCESS DEVELOPMENT 


Fabrication of Zircaloy-2 Pressure 
Vessel for Irradiation Studies 


BETTIS ATOMIC POWER DIVISION 


Closeup of closure for Zircaloy in-pile tube. 


during filler metal additions. Since contamination 
with air during welding would have produced brittle 
and corrodible welds, the tube had to be welded in 
an inert atmosphere. 

To insure corrosion resistance of the finished tube, 
a layer of disturbed metal formed on the Zircaloy 
during machining had to be removed by etching. 
The configuration of the tube created difficulties in 
maintaining dimensional tolerances during the pro- 
cess and in removing all traces of corrosive acid. 

The completed tube was installed in March, 1957 
and has been operating continually in a large test 
reactor. During this development project, close tech- 
nical cooperation was maintained throughout by 
Bettis and the test reactor personnel on design, fab- 
rication and evaluation of the tube. 

This is only one example of the challenging work 
conducted here. We welcome inquiries from metal- 
lurgists interested in the excellent careers offered by 
the new and growing nuclear power industry. Please 
send your résumé to: Mr. M. J. Downey, Bettis 
Atomic Power Division, Westinghouse Electric 
Corporation, P.O. Box 1468, Department A208, 
Pittsburgh 30, Pennsylvania. 
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Sleeves are securely welded. Thus 


MATCHING TUBES TO JOBS 


Drill collars and tooi joints can’t last forever in oil 
well equipment service. Abrasive wear reduces the 
strength and the safe minimum O.D., and makes 
the bearing faces eccentric. When so worn, they are 
repaired by using sleeves—as shown above. One 
producer of such equipment brought a problem to 
B& W—“How could this ‘sleeve’ job be done with 
a minimum cost in equipment, operations, material 
and time?” 


Because of the diversity of its types of tubular 
products and experience in matching tubes to jobs 
B& W was able to supply tubing in the proper type, 
size and grade and with appropriate tolerances and 
physical properties. This, in turn, reduced the num- 
ber of fabricating operations and eliminated exces- 
sive machining and the need of some fabricating 
equipment. This manufacturer was able to “repair 
and place in as good as new condition” these 


rather expensive products—and at a substantial 
reduction in cost. 

Friendly Mr. Tubes—your link to B&W-—is the 
man to call when tubing can save the day in your 
own operation. His business is matching tubes to 
jobs—jobs like yours. The Babcock & Wilcox Com- 
pany, Tubular Products Division, Beaver Falls, Pa. 


TA-6106-M6 


Seamless and welded tubular products, seamless welding fittings and forged steel flanges—in carbon, alloy and stainless steels. 


1 
] 


~ SS 2 = 
_ Worn drill collars are Tubing sleeve is shrunk into per-— Fy 


(Continued from page 45) 
slitters. Sheet and coil slitting methods 
summarized. Stanat Mfg. 


1258. Smelting Equipment 

48-page booklet 105 on equipment for 
smelting covers complete furnaces, elec- 
trodes and control equipment. Lectromelt 
Furnace Div. 


1259. Sodium 

28-page booklet on using sodium in dis- 
persed form tells how dispersions are 
prepared and handled, and their advan- 
tages. Ethyl Corp. 


1260. Spectrographs 

24-page brochure on prism and grating 
spectrographs and related accessories. De- 
sign, application and characteristics of 
each instrument. Performance. Jarrell-Ash 


1261. Spot Welding 

Bulletin 339 on spot welder with pre- 
determined electronic control. Circuits 
employed. Sciaky Bros. 


1262. Spray Painting 
16-page bulletin on electrostatic spray 
inting. How it is done. Case histories. 
ansburg Electro-Coating Corp. 


1263. Goring Steels 

6-page folder gives applications, materi- 
als, finish and size range. Analysis. Sand- 
vik Steel 


1264. Stainless Castings 

20-page booklet shows how they are 
made, property and size data, typical ap- 
plications. Crucible Steel 


1265. Stainless Steel 


Booklet on 430 stainless. Properties, 
fabrication. Sharon Steel 


1266. Stainless Steel 

20-page catalog on corrosion resistance, 
applications and working characteristics 
of 20% chromium—29% nickel stainless 
steels, with and without columbium. Car- 
penter Steel 


1267. Stainless Steel 

28-page book on 430 nickel-free 
chromium stainless. Properties surface 
characteristics, fabrication, applications. 
Washington Steel Corp. 


1268. Stainless Steel 

Two booklets on 200 series of low nickel, 
austenitic stainless steels, give 2 
tions and properties compared with 300 
series. Republic Steel 


1269. Steel 


14-page manual on sizes and types of 
electric furnace steel. List of products 
rolled from Byers melt. A. M. Byers 


1270. Steel 52100 
Stock list on 52100 tubing, bars and ring 
forgings. Peterson Stee 


1271. Steel Castings 

Bulletins on high and low carbon steel 
casting specifications. Allied specifications. 
Unitcast Corp. 


1272. Steel Treatin 

Bulletin on flame hardening, induction 
hardening, carbonitriding, = 
uid carburizing, Chapmanizing. eside 
Steel Improvement 


1273. Steelmakin 

Beautifully illustra brochure on 
steelmaking, annealing, hot rolling, fin- 
ishing. Rotary Electric Steel 


1274. Stereomicrosco 

38-page catalog D-15 shows value of 
three-dimensional microscopes for indus- 
trial assembly lines and research labora- 
tories. Bausch & Lomb Optical 


1275. Sub-Zero Treatment 
12-page booklet on industrial oe 

equipment for shrinking, testing an 

treating of metals. Cincinnati Sub-Zero 


1276. Sulphur Determination 

Bulletin on high frequency combustion 
unit for determination of sulphur. Lind- 
berg Engineering 


1277. Swaging Machines 

16-page catalog on complete line of 
Swaging equipment contains data on ro- 
tary swaging process and its applications. 
Fenn Mfg. Co. 


1278. Temperature Control 
8-page bulletin on temperature control 

systems contains selection guide, termi- 

nology, types of control systems. Wheelco 


1279. Temperature Indication 

28-page bulletin on temperature indi- 
cating pigments. Ranges tested, directions 
for use, selection table. Curtiss-Wright 
Corp., Research Div. 


1280. Tensile Tester 

New 4-page booklet on impact wrench 
calibrator and tensile tester. Uses. Ulti- 
mate strength of standard screws. Skid- 
more-Wilhelm Mfg. Co. 


1281. Test Equipment 

Catalog R-36A on complete line of test- 
ing equipment, including all industrial 
electronic and electrical equipment. Wes- 
ton Electrical Instrument 


1282. Testing Equipment 
80-page illustrated catalog lists over 130 

testing and measuring tools for laboratory 

and production-line use. General Electric 


BUSINESS REPLY CARD 


Ne Postage Stamp Necessary If Mailed In the United States 


4c POSTAGE WILL BE PAID BY— 
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1283. Testing Machines 

12-page catalog on ten testers including 
hardness, ductility, tensile, compression 
and transverse strength. Detroit Testing 
Machine 


1284. Textured Metal 


16-page booklet on —-« and ap- 
plications of textured metal. Rigidized 


1285. Thermocouples 

20-page Bulletin 714 on thermocouples, 
rotecting tubes and wells, insulators, 
leads, connectors, heads. Gen. Electric 


1286. Thermocouples 

32-page file book on pyrometer acces- 
sories. Selection of thermocouple and 
protective tube. West Instrument Corp. 


1287. 

44-page catalog EN-S2 describes couples 
and assemblies for general app/ication 
and for special plant and laboratory uses. 
Leeds & Northrup 


1288. Thickness Gage 


_ Folder on pocket-size gage. How to use 
it. Ferro Corp. 


1289. Thickness Tester 


Data sheets give ranges, of op- 
eration of nondestructive thickness tester. 
Unit Process Assemblies 


1290. Thickness Testing 

10-page bulletin 2253 on coating thick- 
ness gages. Standard and special purpose 
gages. American Instrument 


1291. Tin News 

Interesting monthly report covers im- 
portant current developments in the pro- 
duction, marketing and use of tin. Ma- 
layan Tin Bureau 


1292. Titanium 

New 4page brochure on titanium for 
anodizing racks. Johnston & Funk 
1293. Titanium 

_Folder on commercially pure, unalloyed 
titanium gives properties, types sup- 
pee. forming methods, cleaning. Mallory 
haron Titanium 

1294, Titanium Alloy 

j2-pege booklet on C-120AV titanium 
alloy. Physical properties, elevated-tem- 
perature properties, creep, fatigue, weld- 
ing, machining, heat treatment. Rem-Cru 
1295. Titanium and Zirconium 
16-page bulletin, “The Hydrimet Proc- 
ess,” on titanium and zirconium metals 
and hydrides, and other metallurgical 
hydrides. Metal Hydrides 

1296. Tool Steel 

Data sheets on high speed, hot work, 


FIRST CLASS 
PERMIT No. 1595 


(Sec. 34.9 P.L. & R.) 
Cleveland, Ohio 


BLAZING THE HEAT TREAT TRAIL WITH 


Obsolescence, unlike depreciation, is not a loss 


factor that can be estimated and provided for 
out of income. Yet, the operation of obsolete 
equipment does cost money . @ cost that 
represents, more often than not, a loss far in 
excess of depreciation. 

When you are buying new heat treat equip- 
ment, it is only good practice to buy with an eye 
to the future. By looking into such problems as 
atmospheres, automation, safety, mechanics, hy- 
draulics and so on... today... . you materially 
reduce tomorrow's obsolescence factor. Some- 
times, existing furnaces can be redesigned with 
modern techniques and, as a result, can be 
geared to present production demands. 

In any case, it is a good idea to talk over your 
problem with a Holcroft engineer. He has the 
technical know-how, the training and practical 
experience, to help you reduce early obsoles- 
cence in your plant. You'll find that Holcroft 
furnaces are built to answer today's problems — 


and tomorrow's too. Write for information. 


626) 


HOLCROFT AND COMPANY 


CHICAGO, ILL. 


6 COmPany 


6545 EPWORTH BOULEVARD . 


CLEVELAND. OH10 HARTFORD, CONN. HOUSTON, TEXAS « 
CANADA: Walker Meta! Products, Ltd., Windsor, Ontario 


DETROIT 10, MICHIGAN 
PRODUCTION HEAT TREAT FURNACES FOR EVERY PURPOSE 


PHILA., PA. 
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THE MARK OF QUALITY 


BARBER 


«.-Wheelco gives you 
the “‘extras’’ that 


COLMAN 


Wheeleo 
instruments 


Series 8000 Recorders and Recording Controllers — available in a 
wide range of models, these self-contained null-balancing elec- 
tronic instruments feature convenient swingout design for easy 
chart and instrument maintenance. Multi-point recorders keep 
permanent records of up to 16 points on a single chart — feature 
up to six limit switches for high and/or low signal indications . . . 
single- or multi-color printing ...3 to 24 in. per hr recording speeds. 


Automatic Reset for Recording 
Controlliers—available with 
Series 8000 instruments for 
demanding processes where small 
capacitance requires wide pro- 
portional settings and where 
offset cannot be tolerated. Tam- 
perproof cover protects all ad- 
justments, leaves necessary 
controls available to operator. 


See them in Booth 941 Metals Exposition 


Prove in your own plant that more accurate controlling and 
recording makes a big difference in precision processes. 
Wheeilco Instruments not only provide outstanding operating 
characteristics but feature easier adjustment, inspection, and 
maintenance. Get the complete story by calling your nearby 
Wheelco field engineer or writing today for Bulletin F-7955. 
Wheelco gives you faster deliveries, too! 


BARBER-COLMAN COMPANY 
Dept. V, 1518 Rock Street, Rockford, Illinois, U.S.A. 
BARBER-COLMAN of CANADA, Ltd., Dept. X, Toronto and Montreal, Canada 


Industrial Instruments ° Automatic Controls ° Air Distribution Products 
Aircraft Controls * Electrical Components * Small Motors * Overdoors and Operators 
Molded Products * Metal Cutting Tools * Machine Tools ¢* Textile Machinery 
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air, oil and water hardening tool steels, 
alloy steels, machinery steels, stainless 
steels, welding rods. Crucible Steel 


1297. Tool Steel 

Fourth edition of the 204-page hand- 
book. Types, properties and applications 
of tool steels. Selection, tool steel prod- 
ucts, working tool and high speed steels. 
Allegheny Ludlum Steel Corp. 


1298. Tool Steel 
44-page stock list is indexed and in- 
cludes sizes, weights, and analyses. Deci- 


mal conversion and hardness conversion 
tables. Uddeholm 


1299. Tool Steel Color Guide 
Color guide to estimate temperatures 

has heat colors on one side and temper 

colors on the other. Bethlehem Steel 


1300. Tool Steels 

Bulletin on tool steels, hot work spe- 
cialty steels, bar stock, billet, sand cast- 
ing, drill rod, flat ground stock and tool 
bits. Darwin & Milner, Inc. 


1301. Tool Steels 

New 12-page booklet on tooling for hot 
extrusion. Selecting and heat treating of 
tool steels. Design, cooling, setup and fin- 
ish. Crucible Steel 


1302. Tool Steels Brand Chart 
Wall chart listing over 300 popular tool 
steels by types. Vulcan Crucible Steel Co. 


1303. Torsion Testers 
8-page bulletin gives details of con- 


struction, pendulum-type testers, torsion 
testers for wire. Riehle 


1304. Tubing 

Bulletin 3 on small tubing for industry. 
Sizes, alloys, tempers, tolerances. Pre- 
cision Tube Co., Inc. 


1305. Tubing 

Memorandum No. 2 on Weldrawn tub- 
ing fabricated from cold-rolled strip, 
fusion welding the edges and cold draw- 
ing to size. Superior Tube 


1306. Tubing 


6-page folder TDC 187 on bending car- 
bon, alloy and stainless steel tubing and 
pipe. Babcock & Wilcox 


1307. Tubing 

New book on production of seamless 
and welded tubing. Forging and fabricat- 
ing operations. Ohio Seamless Tube 


1308. Tungsten 


12-page booklet on tungsten coil prod- 
ucts for electronic and lighting applica- 
tions. Sylvania Electric Products, Inc., 
Tungsten and Chemical Div. 


October, 


1309. Tungsten Carbide 

Technical data and advantages of tung- 
sten carbide with platinum binder for 
wear resistant and corrosion resistant ap- 
plications. Kennametal, Inc. 


1310. Ultrasonic Cleaning 

Folder on principles and methods of 
metal cleaning by application of ultra- 
sonic energy. Detrex 


1311. Ultrasonic Testing 

6-page folder on immerscope diagrams 
instrument and tells how it may be used. 
Curtiss-Wright Corp. 


1312. Ultrasonics 


Data sheet on gages for thickness meas- 
urement, coating measurement, inspec- 
tion. Branson Instruments 


1313. Vacuum Coating 

Bulletin on principles, production steps, 
applications, equipment. National Re- 
search 


1314. Vacuum Furnaces 
8-page bulletin 552 on high vacuum 
furnaces. Equipment and methods for 
vacuum melting. Vacuum treating—an- 
nealing, heat treating, oopemne, brazing, 
sintering. High Vacuum Equipment Corp. 


1315. Vacuum Metals 

File of data on vacuum-melted metals 
and their applications for bearings and 
the chemical industry. Development of 
the vacuum metals. Vacuum Metals Corp. 


1316. Vacuum Pumps 

28-page catalog No. 752 contains speci- 
fications, tables of formulas, constants and 
conversion factors. Maintenance proce- 
dures. F. J. Stokes 


1317. Vacuum Pumps 

52-page catalog No. 425-B on high-vac- 
uum pumps contains formulas and tabu- 
lar data. Kinney Mfg. 
1318. Valves 

12-page bulletin on safety shutoff valves. 
Solenoid valves, pressure holding devices 
which may be substituted for solenoid, 
special models. North American Mfg. Co. 


1319. Vanadium in Steel 


189-page book on properties of ferrous 
alloys containing vanadium and their ap- 
plications. Vanadium Corp. 


1320. Welding 

Data on welding positioners from 500 to 
100,000 Ib. capacity. Harnischfeger 
1321. Weldin 


New 6-page booklet on oxy-acetylene 
processes in flame-planing, rivet-busting, 
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958 987 1016 1045 1074 1103 1132 
959 «9988 #1017 1046 1075 1104 1133 
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962 991 1020 1049 1078 1107 1136 
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shape cuttin 
welding. Linde Co. 


1322. Welding 


New technical data card 162A on weld- 
ing stainless tubing and pipe gives infor- 
mation on welding characteristics of aus- 
tenitic and ferritic types, methods and 


techniques. Babcock & 


1323. 


cor 


Welding Euipment 


Catalog on Cadweld process and arc- 


welding accessories. Erico Products 


1324. Welding Stainless 


New 12-page booklet—a guide to better 
welding of stainless steels. In question 


and answer form. Arcos Corp. 


1325. Wire Mesh Belts 


130-page manual on conveyor design, 
belt specifications, metallurgical data. 


Cambridge Wire Cloth 
1326. Wire Straightening 


20-page brochure on wire straighten- 
ing and cutting machines, wire reels, 
chamfering and deburring machines. New 


air clutch described. Lewis Machine Co. 


1327. X-Ray 


12-page bulletin on gamma radiography 
tells how to select the source, equipment, 
techniques and fundamentals of gamma 


radiation. Picker X-Ray 


1328. X-Ray Diffraction 


4-page folder 7A-3690 on X-ray diffrac- 
tion. What it is, Bragg’s law, equipment, 
applications. General Electric, X-Ray 


1329. X-Ray Supplies 


Bulletin on X-ray films and chemicals 


for radiography. Ansco 


1330. Zirconium 

7-page on 
zirconium and its alloys 
tional Corp. 


1331. 


Zirconium 


8-page brochure on zirconium’s cor- 
rosion resistant properties. ee 
orundum 


based on this property. Car 
Metals Co. 


1332. 


Zirconium 


12-page booklet on uses, properties and 
methods of production of zirconium and 
hafnium. U. S. Industrial Chemicals Co. 


1333. Zirconium Oxide 


Product list gives chemical analysis, 
description and uses of four types of zir- 


conium oxide. Zirconium Corp. 


METAL PROGRESS, 
7301 Euclid Avenue, Cleveland 3, Ohio 
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These OTTAWA 60 DIES 
PAYOFF BIG IN 3 WAYS 


* Buffing Time Reduced 2 
* Rejects Reduced 20% 


* Stoning and Regrinding 
of Dies Reduced 75% 


Write for BLUE SHEET 
on OTTAWA 60 


This concise four-page 
folder gives all needed 
handling and shop treat- 
ment details on Ottawa 60. 
Included is certified lab- 
oratory information on 
physical characteristics, and 
complete data on forging, 
annealing, hardening, tem- 
pering, etc. Ask for your copy. 


ADDRESS DEPT. MP-94 
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One way to increase profits is to reduce 
finishing costs. That's what a fabricator 
of hearing aid cases accomplished when 
he switched from regular die steel to A-L’s 
ait hardening Ortawa 60 high carbon-high 
vanadium grade. 

Ottawa 60 dies produced stainless steel 
cases which were free from galling and 
oc were nearly perfect as they came 
out of the dies. Less than half the previous 
buffing time was needed to bring them 
to the required high finish. Rejects— 
which ran about 20 percent before the 
use of Ottawa 60—were reduced almost 
to the point of elimination. Also, the new 


Ottawa 60 dies required stoning and re- 
grinding only a quarter as often as the 
standard tool steel dies they replaced. 

This same manufacturer has passed 
along significant savings to other cus- 
tomers through the use of Ottawa 60. By 
practically eliminating rejects due to 
corner cracking and scoring, customers 
receive better stamped parts at lower per- 
piece cost. 

Let us show how you, too, can save 
with A-L tool steels and, at the same time, 
furnish your customers a better product. 

Ludlum Steel Corporation, 
Oliver Building, Pittsburgh 22, Pa. 


For nearest representative, consult Yellow Section of your telephone book. ® 


For complete MODERN Tooling, call 


Allegheny Ludlum == 
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for corrosion protection 


get CLAYMONT 


—-PROTECTION of 
“Stainless Steel 
here—where it’s 
needed. 


STRENGTH and 
ECONOMY of 
Carbon Steel here 
—where corrosion 
isn’t a factor. 


Stainless and backing plates inseparably bonded 


Thickness of stainless steel as specified—from 5% to 50% of total plate 
thickness 


Wide range of stainless and carbon steel specifications available 
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that costs less... 
Stainless-Clad steel 


& 


CHEMICAL PROCESSING | 


PETROCHEMICAL 
EQUIPMENT 


STORAGE TANKS 


For these . . . and many other applications Stainless-Clad Plates, Heads and Fittings. 
where low-cost protection against corrosion or § Why not bring your problem to us? Just con- 
product contamination is a vital requirement tact our nearest sales office today. 

. manufacturers are specifying Claymont 


(FI Claymont Steel Products 


Products of Wickwire Spencer Steel Division - The Colorado Fuel and Iron Corporation 
P.O. Box 1951 — Wilmington, Delaware 
Albuquerque + Amarillo + Atlanta + Billings + Boise + Boston + Buffalo + Butte + Casper + Chicago + Denver + Detroit + El Paso + Ft. Worth + Houston + Lincoln + Los Angeles 
New Orleans - New York « Oakland « Odessa « Oklahoma City + Philodelphic - Phoenix + Portland (Ore.) + Pueblo + Solt Lake City + San Francisco + San Leandro + Seattle + Spokane 
Tulsa Wichita—CF&!l OFFICES IN CANADA: Montreal Toronto—CANADIAN REPRESENTATIVES AT: Calgary Edmonton Vancouver Winnipeg 


OTHER CLAYMONT PRODUCTS 


Alloy Steel Plates » Large Diameter Welded Steel Pipe * Manhole Fittings and Covers + Flanged and Dished Heads 
High Strength Low Alloy Steel Plates * Fabricated Steel Parts * CFal Lectro-Clad Nickel Plated Steel Plates 
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USES FOR STAINLESS-CLAD 
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| PULP AND PAPER 4 
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TANK CARS 4 


Heat exchanger tubing bundle ordered by a well-known chemical firm was fabricated by the Elyria, Ohio, plant of the 
Pfaudler Co. Superior supplied WELDRAWN® unalloyed titanium tubing, Grade A-40, with 34 in. OD and .065 in. wall. 


How Superior Titanium Tubing 
Beat a Corrosion Problem in a Heat Exchanger 


Customer reports: *‘We chose titanium because no 
other material was satisfactory from the corrosion 
viewpoint. The results are excellent.” 


Fabricator reports: “The tubingsupplied by Superior 
was just what we needed. And we found it would with- 
stand a bend of 24 in. radius without difficulty.” 


Chemical processing firms occasionally work with fluids so 
strongly corrosive that no tubing made from conventional 
materials can handle them. If you are confronted with such a 
problem you want titanium tubing by Superior. 


WIL, 
NORRISTOWN, PA. 


All analyses .010 in. to % in. OD—certain analyses in light walls up to 2% in. OD 
West Coast: Pacific Tube Company, 5710 Smithway St., Los Angeles 22, Calif. * RAymond 3-1331 


Our unalloyed titanium tubing in Grades A-40 and A-55 has 
extremely high corrosion, erosion and cavitation resistance 
to a wide variety of corrosive agents. 


Fabrication qualities are good, it is easy to flare and bend, 
and it can be spot-welded and brazed without difficulty. 
It is available in sizes up to 1% in. OD in both seamless 
and Weldrawn forms. 


Titanium is but one of over 120 different analyses available in 
tubing form from Superior. For complete technical informa- 
tion on Superior titanium tubing, get a free copy of Bulletin 
44. Write Superior Tube Company, 2008 Germantown Ave., 
Norristown, Pa. *T.M. Reg. U.S. Pat. Off., Superior Tube Co. 


VISIT US IN 
BOOTH NO. 209 
AT THE 
METAL SHOW 
IN CHICAGO 
NOV. 4-8 
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Maybe you could do it right in your own plant— fluoroscopic 
any time you like—with a Picker HOTPOT, one need radiographic OF 
of Picker’s “packaged” radiation fluxes. The inspection of your components, assemblies, 
HOTPOT compacts millions of roentgens of high F i 
energy radiatior, in a shielded cabinet no bigger welds, castings, forgings OF What Rave you? 
than a desk... and so safe you can keep it in 
your office. Ask us about this and other Picker We probably have just the machine to do the job 
irradiaters for you. The Pickef Spread Gf equipment en 
braces units span@ing @ radiographic range from 
10 KV x rays (for paper-thin materials) to 3 MEV 
equivalent 60 which can penetrate solid 
lead inches t 


looking for fine isotope instrumentation 
backed by a national service hookup? 


Look into Picker-built scalers, ratemeters, well counters, probes. 
These (all other Picker equipment, too) are sold and serviced by 
a far-flung network of service engineers with local warehouses 
and service depots at strategic points. There’s probably a Picker 
District office near you (see your local "phone book). 


PICKER K-RAY CORPORATION 
25 South Broodway, White Plains, N. Y. 


boils déwn to this... 


LOOK IN ON US WHILE YOU’RE AT THE ATOMFAIR IN NEW YORK (BOOTH #146 in the COLISEUM) 
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will affect your product and process ? i 

got any other problem nagging you? — | 

not tel us about it? 4 
' We'll be giad to help you if we can (chances are good) 

if it has to do with RADIATION jj 


Two Booklets Give Important Facts On 
Pre-Paint-Phosphating with CrysCoat, 


If you paint-finish your steel products, you'll want 
these two fact-filled booklets on pre-paint-condition- 
ing with Oakite CrysCoat phosphate coatings. 


CrysCoating adds to your product’s appearance and 
value by protecting against corrosion and providing 
a better base for paint adhesion. 


With a CrysCoat process best suited for your par- 


CrysCoat. 


Complete Phosphating Process 


WDUSTRIAL 
OAKITE 


“Temas. senvict 


by 


( 


ticular product and equipment, you can turn out 
better-looking, longer-lasting finishes at lower cost. 


Booklets show how phosphate coatings are applied; 
give special advantages of the CrysCoat process re- 
sulting in substantial savings over other processes. 


USE THIS COUPON BELOW FOR YOUR COPIES 
OF THESE BOOKLETS. WRITE TODAY! 


Oakite Products, Inc., 

26H Rector Street, New York 6, N.Y. 

Gentlemen: Please send me information on the Crys- 

— cane Process for better paint finishes. 
anks. 


NAME 


COMPANY 


TITLE. 


ADDRESS 


Export Division Cable Address: Ookite 
SCIENCE 


Technico! Service Representatives in Principal Cities of U.S. and Canada . 
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Brake Die saves shop time 
in forming overlap for steel spout 


The problem sounded simple enough — 
putting an overlap in a section of 20- 
gage stainless steel, which was then 
formed into a spout for use in meat- 
packaging tables. But getting a tool steel 
which could do the job more economically 
than the grade formerly used was some- 
what of a challenge for the manufacturer, 
J. B. Dove & Sons, Ine., Philadelphia. 

The answer was Bethlehem Brake Die, 
supplied by our local tool steei distribu- 
tor, Hill-Chase & Co. Because of Brake 
Die’s easy machinability and good wear- 
resistance, the new die minimized manu- 
facturing costs. It also helped in pro- 
ducing a better-looking product. Said 
one of the Dove engineers: “We like 
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Brake Die. It’s doing a good job for us.” 

Brake Die, a special alloy steel, is oil- 
quenched and tempered to develop a fine 
balance of mechanical properties. It’s 
ideal where wear-resistance, toughness, 
resistance to impact and good machin- 
ability are required. 


Typical Analysis 
Carbon 0.50 
Chromium 1.00 


Manganese 0.90 
Molybdenum 0.20 


Chances are there might be one or more 
applications in your shop right now 
where Brake Die steel could be used to 
good advantage. Why not talk it over with 
your Bethlehem tool steel distributor? 


BETHLEHEM TOOL STEEL 

ENGINEER SAYS: 

How to Shrink-Fit 
Tool Inserts 


Shrink-fitting of tool steel inserts is a 
procedure which is being widely used to 
improve the service life of tools. Shrink- 
fitting is most applicable to rings and 
cylinders, such as are used in heading and 
drawing operations where the tools can 
be shrink-fitted into large retaining 
rings. The shrink-fit sets up radial com- 
pressive stress in the tool, which is 
available to oppose radial tensile stress 
set up in service, and thereby improves 
the performance as compared to solid 
tools which are not pre-stressed. Shrink- 
fitting of tools should be carried out as 
follows : 


1. The retainer must be of adequate 
diameter and strength to provide the 
stresses required on the tool insert. This 
generally means that an alloy steel 
capable of hardening to approximately 
300/400 BHN must be used. Shock- 
resisting tool steels heat treated to 
approximately Rockwell C 48 to 52 are 
used on heavy duty applications. It is 
recommended that the OD of the retainer 
be a minimum of twice the ID (prefer- 
ably three times the ID). 


2. A shrink-fit allowance of .003/ .004 in. 
per in. should be provided for. This means 
that the OD of the insert is .003/.004 in. 
per in. larger than the ID of the retainer 
into which it must fit. These dimensions 
must be carefully maintained in order to 
obtain the benefits of shrink-fitting. 


3. The OD of the insert and the ID of 
the retainer should have a smooth finish, 
preferably produced by grinding. 


4. The retainer should be heated to a 
temperature sufficient to cause the ex- 
pansion necessary to assemble the insert. 
Care should be exercised not to exceed 
the tempering temperature used in heat- 
treating the retainer. If necessary, the 
insert may be sub-zero cooled to aid in 
providing the clearance required for 
assembly. 


5. After assembly of the parts, cooling 
of the assembly should be rapid enough 
to prevent over-tempering of the insert 
by heat transferred from the retainer. 
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America’s stainless steel demands continue to grow. VCA helps meet the need for 
alloys with giant new plant at Vancoram, Ohio. 


Stainless steel production in the U.S. has risen 
34% since 1952, when VCA completed its Graham, 
W. Va., plant devoted to the production of chro- 
mium and silicon alloys. To meet America’s grow- 
ing appetite for alloy and stainless steels and 
irons, VCA is opening these two new plant units 
in Jefferson County, Ohio—with another unit to 
come! Products of the new plant will include high 


carbon ferrochromium, ferrochrome-silicon alloys 
and Vancoram ExLo®, an extra low carbon ferro- 
chromium of highest purity, extensively used 
in the production of low carbon stainless. 

With this expansion, VCA not only keeps pace 
with demand, but ahead of it, to assure you of a 
constant, plentiful and economical source for the 
alloys that make stainless steel stainless! 


Be sure to visit Vancoram Booth #854, Metals Show, Chicago, Illinois, November 4-8 
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This is Vancoram, Ohio. Here, 
on a 300-acre Jefferson County 
site, VCA produces chromium 
and silicon alloys essential to 
stainless steel production. 


AM 
VANADIUM CORPORATION OF AMERICA 


420 Lexington Avenue, New York 17, N.Y. 
Chicago * Cleveland + Detroit + Pittsburgh 


Producers of alloys, metals and chemicals 
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If floor space for your vacuum system installation is a 
problem, here’s an “‘assist’’ from Stokes. Special Stokes 
vertical desij cuts floor space requirements. For 
example, the |: ) cfm Model 212 Microvac measures 
less than 3 feet on a side... makes your entire 
set-up smaller. 


And together with these features of compactness, you 
get a 15% increase in pumping capacity ... at no 
increase in price. In this way, Stokes Microvac pumps 
measure up as the standard of comparison for reliable, 
low-cost performance. 


Here’s what you get with the Microvac line: 


e Minimum maintenance—mechanical face seal elimi- 
nates oil leakage at shaft. No stuffing boxes. Fully 
automatic lubrication. 


Vacuum Equipment Division 
F. J. STOKES CORPORATION 


5500 Tabor Road, Philadelphia 20, Pa. 


vacuum pump 
saves you 


e Wide pressure ranges—new exhaust valve design 
assures trouble-free operation during extended pump- 
ing periods, in the high pressure range. 


e Dirt troubles prevented—intake screen filter traps 
dirt, scale and other damaging solids. 


e Added protection—new gil filter in the line supplies 
extra protection to bearings and shaft seal. 


Microvac pumps give you the high efficiency you want 
... used separately or as roughing pumps with diffusion 
or booster pumps. Write for catalog 752, “Stokes 
Microvac Pumps for High Vacuum”; Booklet 755, 
to Care for Your Vacuum Pump” . . . or call your 
nearest Stokes office to find out how we can help you 
solve your particular vacuum application problem. 
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ig) 
| =a 
| | mm oor space 
| 
| 
METAL PROGRESS 


th 


vy 


A, 


4 


Baye 


at 


All it takes 


When that ball skims the edge of the cup, you can blame 
wind, weather, putter, green, your wife’s cooking, or a 
fleeting conflict of ego and libido. But when the shot is 
sunk, you can credit experience, practice and knowledge 
of the course. It’s the same with titanium. 

Titanium can be readily forged, machined, welded, 
stretched and drawn into shapes having high strength, 
light weight and superlative resistance to both heat and 
corrosion. Titanium fabricating, joining and finishing 
practices are no more difficult than for many other en- 
gineering metals, but they are different. 


tag 
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is practice! 


TMCA has accumulated a great deal of pertinent ex- 
perience and practical data which are available to you 
on request. Extensive research facilities can also expedite 
special investigations to answer your specific questions. 

TMCA has a selfish reason for helping you “sink the 
shot” whenever a technical challenge arises. Our Techni- 
cal Service Department is anxious to discuss your appli- 
cation and cooperate in the establishment of routine 
fabricating and joining techniques for this outstanding 
engineering metal . . . now priced competitively. 


nium 


TITANIUM METALS CORPORATION OF AMERICA, 233 Broadway, New York 7, N.Y. 


OCTOBER 1957 59 


j 


Carlson is your ONE source for ALL 
stainless steel components 


STAINLESS STEEL PLATES + PLATE PRODUCTS + HEADS «+ RINGS 
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Check your drawings and you may find 
that you require all of the stainless steel 
items shown here—plates, heads, tube sheets, 
discs, forgings, flanges, rings, special pat- 

rns, bars, and sheets (#1 Finish) in the 
heavier gauges. When you buy all these 
material components from one source you 
save time, effort and money. 


Your assembly costs are kept toa minimum 
when you use Carlson’s abrasive cut mate- 
rial. Cleaner edges mean less true-up time 
on the job. There is no heat-affected zone 
because little heat is developed during the 
cutting. Fabrication is easier and the fin- 
ished product is of the highest quality, more 
dependable in use. 


Who pays freight on “offcuts” you can’t 
use? No one, when you use Carlson’s 
service for cutting plate to shape, ready for 
your fabrication. Plate is sheared, sawed, 
flame or abrasive cut and machined to your 
specifications. Eliminating freight charges on 
excess material lowers your costs. 


There’s the matter of delivery which also 
means time and money to you. As specialists 
in stainless steels, Carlson has the diversified 
equipment and the technical and practical 
knowledge to produce the plate or shapes 
you want, the way you want them with 
delivery as promised. 


Stainbeu Steck Excbuiwely 


THORNDALE, PENNSYLVANIA 
District Sales Offices in Principal Cities 


DISCS +» FORGINGS + FLANGES + BARS AND SHEETS (No. 1 Finish) 
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Fast, accurate response to temperature or atmosphere 
change is a vital must in furnace performance at Kelsey- 
Hayes Company. Precise hardness and shock resistance 
of aircraft engine parts result from these qualities in 
two Westinghouse pit furnace and Ammogas® generator 
installations. 

“These Westinghouse pit furnaces are fully auto- 
matic,” reports the owner. Once the operator sets 
temperature and atmosphere for each batch, the 
furnaces maintain temperature control to plus or minus 
10°F. For nitriding, a consistently high quality Ammo- 
gas atmosphere is supplied each furnace by the 150 
cu. ft./hour generator. Varying the atmosphere com- 
position permits bright annealing in the same furnace. 


Automatic heat-cycle control 
protects aircraft engine stamina 


Rigid product specifications are easily met when 
Westinghouse engineers electric heating equipment. 
Furnace and atmosphere generators are integrated and 
test-proven to meet production and metallurgical needs. 
It’s another good reason to talk over your next metal 
heating problem with the local Westinghouse industrial 
heating sales engineer, or write Westinghouse Electric 


Corporation, Industrial Heating Division, Meadville, Pa. 
J-10468 


All furnace and atmosphere generator sales 
in the international market are handled by 
Westinghouse Electric International Company. 


Operating flexibility. Furnaces and Ammogas atmosphere genera- 
tor handle a wide variety of heating cycle combinations for 
over fifty different aircraft engine parts. Once heating cycle 
starts, automatic control takes over. 


Single operator economy. One operator easily handles all 
three Westinghouse electric pit furnaces. They are com- 
pact and dependable, providing 15% saving in space 
and 25% less maintenance than other furnace types. 
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types, shapes, sizes and finishes 
of Allegheny stainless in stock at Ryerson 


When you want stainless fast .. . anything 
from one to 2351 types, shapes, sizes and 
finishes . . . telephone Ryerson. You can 


STAINLESS SHEETS — Eleven analyses of 
Allegheny stainless sheets, including 
nickel and straight chrome types. 
Extra wide sizes, also, to reduce 
welding costs. Expanded and per- 
forated sheets. 


STAINLESS PIPE AND TUBING— Light 
wall, standard and extra heavy pipe, 
ornamental and regular stainless 
tubing. Also screwed and welding 
fittings and Cooper stainless valves. 


STAINLESS PLATES —Nine analyses, in- 


cluding plates to Atomic Energy 
Commission requirements and to 
ASTM specifications for code work. 
Also extra low carbon types for 
trouble-free welding. 


STAINLESS CIRCLES, RINGS, SPECIAL SHAPES 
—No matter how intricate, we can 
flame-cut practically any shape from 
stainless steel plate. One piece or a 
thousand. 


depend on accurate processing and quick 
shipment from Ryerson... the nation’s oldest 
supplier of stainless from stock. 


STAINLESS BARS AND ANGLES — Right 
types, including rounds, squares, 
flats, hexagons and angles. Free- 
machining bars with both analysis 
and mechanical properties controlled 
for best performance. 


TRUE-SQUARE ABRASIVE CUTTING —Stain- 
less plates up to 12’ x 25’ cut abso- 
lutely square on abrasive disc 
machine. Length and width tolerance 
plus or minus 1/32”. 


Principal products: Carbon, alloy and stainless steel — bars, structurals, plates, sheets, tubing, industrial plastics, machinery and tools, etc. 


© RYERSON STEEL 


JOSEPH T. RYERSON & SON, INC. PLANTS AT: NEW YORK * BOSTON * WALLINGFORD, CONN. * PHILADELPHIA - CHARLOTTE + CINCINNATI « CLEVELAND 
DETROIT + PITTSBURGH + BUFFALO + INDIANAPOLIS - CHICAGO + MILWAUKEE + ST. LOUIS - LOS ANGELES - SAN FRANCISCO + SPOKANE - SEATTLE 
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‘Tee YEAR more space is occupied by news of the 39th National Metal 
Congress and Exposition than ever before in the history of Metal Progress, 
even though it is confined to a mere listing of meetings, speakers and 
exhibitors. But this is as it must be. In the Congress in Chicago the seven 
days beginning Saturday, Nov. 2, six other societies are cooperating with the 
American Society for Metals. To top this, the A.S.M.-sponsored Second 
World Metallurgical Congress will be holding the final week of its tours 
through American Industry, Likewise at International Amphitheater in the 
Metal Exposition, almost 500 firms will show their wares and services —a 
record in number and in space occupied, and it is safe to predict also 
in interest and ideas. 

In the following pages the program is arranged day by day, as it should 
be to permit the visitor to choose the items of most interest. The statistics 
are somewhat staggering: 94 separate technical meetings or discussion 
groups; 385 prepared papers! While the American Welding Society will not 
participate (breaking a habit of at least a quarter of a century) the Powder 
Metallurgy Association is a newly cooperating group. The others who 
have joined the Congress year after year have a full program. This is 
especially true of the Society for Nondestructive Testing, which in addition 
to its regular meetings will be holding its Second International Participation 
Conference. 

This will heighten the international flavor of the Chicago meeting. 
Each of the eight study tours of the Second World Metallurgical Congress — 
which will bring together 550 foreign engineers and metallurgical executives 
— will have two or more informal discussions on topics of importance and 
of mutual interest to each group of visitors and their American counterparts. 
These meetings, of course, are open to any interested person. For the 
group interested in metallurgical aspects of atomic energy the U.S. Atomic 
Energy Commission has cooperated with the American Society for Metals in 
arranging eight sessions, four of them comprising a complete consideration 
of the man-made metal plutonium, on topics held secret before the 
revision of the declassification guide about six months ago. An idea of the 
great interest in this new phase of metallurgy can be had from the statistic 
that almost 25% of the technical and scientific papers to be presented 
by all the cooperating societies in Chicago relate to atomic energy! Appropriately, 
the @ will present to the University of Chicago a sculptured memorial 
commemorating the 15th anniversary of the first chain reaction; the formal 
presentation will be made on F riday afternoon. 

More could be written about various phases of the program, the exposition, 
the numerous luncheons and banquets, the unexampled opportunity to meet 
old friends, make new ones, and interchange ideas — but perhaps it can 
best be summarized by the slogan 


COME TO CHICAGO! 


Mm eee eee Progress 


National Metal Congress 


2nd World Metallurgical Congress 


Chicago, Nov. 2 through 8, 1957 


American Society for Metals 
Headquarters, Palmer House 


Seminar on Liquid Metals and Solidification, Saturday and Sunday 
Technical Sessions, Monday Through Thursday Afternoon 


National Metal Exposition (International Amphitheater), All Week 


Educational Course on Precipitation, Monday and Tuesday 
Joint Conference with A.E.C. on Plutonium, Monday and Tuesday 


Joint Meeting with A.E.C. Internal Group on Welding, Wednesday 
Joint Meeting with A.E.C. Group on Metallography, Thursday 


Commemoration (15th Anniversary) of Chain Reaction, Friday 


2nd World Metallurgical Congress 
Headquarters, Sherman Hotel 


Reception and First Plenary Session, Sunday 
International Panel Discussions, Monday Through Friday 
Farewell Banquet, Friday 


The Metallurgical Society of American Institute of 
Mining, Metallurgical and Petroleum Engineers 
Headquarters, Morrison Hotel 


Institute of Metals Division, Monday Through Thursday 


| 
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(Nt Society for Nondestructive Testing 


Iron and Steel Division, Tuesday and Wednesday Morning 


Headquarters, Morrison Hotel 


= Technical Sessions, Monday Through Friday 


Second International Conference on Nondestructive Testing, 


5 Sunday Afternoon Through Friday 
Educational Sessions, Thursday 


| Industrial Heating Equipment Association 
(Jointly With ASM) 


Technical Session on Tuesday Morning 


Powder Metal Association 
(Jointly With ASM) 
Technical Session, Thursday Afternoon 


; Cr Special Libraries Association, Metals Division 
I brari 


Headquarters, Knickerbocker Hotel 
Technical Sessions and Field Trips, Wednesday Through Friday 


Complete programs, grouped by days, shown on following pages 
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A.M. Palmer House 


Seminar on 
Liquid Metals and Solidification 


Theory and Structure of Liquids 

By G. Vineyard, Brookhaven National 
Laboratory 

Properties of Liquid Metals 

By N. H. Hachtrieb, University of Chicago 
Thermodynamics and Properties of Liquid 
Solutions 

By O. J. Kleppa, University of Chicago 


A.M. Palmer House 


Seminar on 
Liquid Metals and Solidification 
Mechanism of Crystal Growth 
By K. A. Jackson, Harvard University 


Thermal Considerations in Freezing 
By C. M. Adams, Jr., Massachusetts 
Institute of Technology 


Solute Redistribution During Freezing 
A By W. G. Pfann, Bell Telephone Labs. 


P.M. Palmer House 


Seminar on 
Liquid Metals and Solidification 


Imperfections Resulting from Solidification 
By John Rutter, General Electric Co. 
Polyphase Solidification 

By William A. Tiller, Westinghouse 
Electric Corp. 


Structure of Ingots and Castings 
By J. Walker, General Electric Co. 


P.M. Morrison Hotel 


International Participation 
Conference 


International Cooperation in the Field of 
Nondestructive Testing 
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P.M. Palmer House 


Seminar on 
Liquid Metals and Solidification 


Nucleation 

By E. M. Pound, Carnegie Institute of 
Technology 

Solid-Liquid Reactions 

By J. Weeks and D. H. Gurinsky, 
Brookhaven National Laboratory 
Mechanism of Metal Electrodeposition 

By J. O'M. Bockris, Univ. of Pennsylyania 


P.M. Sherman Hotel 


Reception to Foreign Conferees 
and American Counterparts 


) P.M. Palmer House 


First Plenary Session 
A Preview of Tomorrow’s Metallurgy 


Mineral and Energy Resources of the Free 
World 

By John Reedman, United Nations’ 
Organization 

The Future of Iron and Steel Making 

The Future of Nonferrous Metallurgy 

By Francis C. Frary, Aluminum Co. of 
America 

Future Fabrication Techniques 

By Manuel C. Sanz, North American 
Aviation, Inc. 

The Future of Heat Treatment 

By Otto Schaaber, Bremen, St. Magnus 
(Germany ) 

The Role of the Metal Engineer in Nuclear 
Power 

By R. A. Skinner, A.E.1.-John Thompson 
Nuclear Energy Co., Ltd. (England) 
Summary 

By Zay Jeffries, Director General, 

2nd World Metallurgical Congress 
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A.M. Palmer House 


First Session on Steel 


Electrolytic Extraction of Carbides From 
Carbon Steel 

By R. W. Gurry, Quaker Chemical Co., 
J. Christakos, W. M. Kellogg Co., and 
C. D. Stricker, U.S. Steel Corp. 
Transformation Structures in Hypoeutec- 
toid Alloy Steels 

By W. C. Hagel and M. N. Ruoff, General 
Electric Co. 


Effect of Manganese on the Curie Point of 
Cementite 
By Earl C. Roberts, Univ. of Washington 


Morphological and Phase Changes During 
Quench-Aging of Ferrite Containing Car- 
bon and Nitrogen 

By G. Lagerberg, Stora Kopparbergs Berg- 
slags Aktiebolag (Sweden), and B. S. 
Lement, Mass. Institute of Technology 
Some Relationships Between Torsional 
Strength and Electron Microstructure In a 
High-Carbon Steel 

By S. T. Ross, RP. Sernka and 

Walter E. Jominy, Chrysler Corp. 


QW A.M. Palmer House 


Session on Zirconium 


The Powder Metallurgy of Zirconium- 
Uranium Alloys 

By Herbert S. Kalish, Sylvania Electric 
Products, Inc. 

A Hot-Hardness Survey of the Zirconium- 
Uranium System 

By W. Chubb, Battelle Memorial Institute, 
G. T. Muehlenkamp, General Electric Co., 
and A. D. Schwope, Clevite Research 
Center 

Transformation Kinetics of Zirconium- 
Uranium 

By D. L. Douglass, L. L. March and G. K. 
Manning, Battelle Memorial Institute 
Transformation Kinetics and Mechanical 
Properties of Zirconium-Titanium and 
Zirconium-Tin Alloys 

By R. F. Domagala, D. W. Levinson and 
D. J. McPherson, 

Armour Research Foundation 


A.M. Palmer House 


Conference on the Metal Plutonium 
(Jointly With Atomic Energy Commission) 


Historical Review 


Discovery of Plutonium in the Cyclotron 
By Glenn T. Seaborg, Univ. of California 
Isolation of Plutonium 

By B. B. Cunningham, Univ. of California 
Research on the Metallurgy of Plutonium 
at Chicago Metallurgical Laboratory 

By Sherman Fried, Argonne National 
Laboratory 


Early Work at Los Alamos 

By Cyril Stanley Smith, University of 
Chicago 

Later Plutonium Metallurgical Research 
at Los Alamos 

By Arthur S. Coffinberry, General Chair- 
man of Conference, Los Alamos Lab., 
A.E.C. 

Plutonium Metallurgy at Hanford 

By O. J. Wick, Hanford Atomic Products 
Operation 

Plutonium Metallurgy at Argonne 
National Laboratory 

By Frank G. Foote, Argonne National 
Laboratory 

Studies on Plutonium at Chalk River 

By O. J C. Runnalls, Atomic Energy of 
Canada, Ltd. 

Plutonium Metallurgical Studies in Great 
Britain 

By H. M. Finniston, 

U. K. Atomic Energy Research Establish- 
ment, Harwell (England) 

Plutonium Metallurgy in France 

By E. Grison, Atomic Energy Commission, 
Saclay (France) 
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A.M. Sherman Hotel 


Panel Discussion; Group 4; 
Heat Treatment 


Topic: Carburizing 
Moderator: Walter Holcroft, Holcroft &Co. 


Panel Members: 

Bernard Jousset, Ste. Parisienne de 
Cementation (France) 

N. O. Kates, Lingberg Steel Treating 
Co. 

W. Stuhlmann, International Business 
Machines (Germany) 

T. A. Frischman, Eaton Mfg. Co. 

J]. H. Evans, British Timken, Ltd. 

O. E. Cullen, Surface Combustion Corp. 

Birger Lineberg, Kopings Nekaniska 
Verkstads A.G. (Sweden) 

Masuo Kawakami, Tokyo Institute of 
Technology (Japan) 


A.M. Sherman Hotel 


Panel Discussion; Group 5; 
Welding & Joining 


Topic: Ship Welding 


Moderator: D. P. Brown, American Bureau 
of Shipping 
Panel Members: 
J. Hargreaves, United Steel Companies, 
Ltd. (England) 
A. G. Bethlehem Shipbuild- 
ing Div. 
Walther Dick, Huttenwerk Oberhausen 
(Germany ) 
A. A. Holzbauer, Sun Shipbuilding & 
Drydock Co. 
Tadamasa Matsuoka, Uraga Dock Co., 
Ltd. (Japan) 
E. M. McCutcheon, Office of Naval 
Research 


A.M. Morrison Hotel 


International Participation 
Conference 


The Basis for Selection of 
Optimum Test Methods 


a. Definition of Terms 
b. Analysis of Specific Problems 
Logical Subdivisions of Test Methods 
d. Parameters  Leadin to timum 
Methods 
Keynote Speakers: 

James Thewlis, Atomic Energy Research 
Establishment (England ) 

Prof. Georges A. Homes, Faculte Poly- 
technique de Mons and Universite 
Libre te Bruxelles (Belgium ) 

Don M. McCutcheon, Westinghouse 
Atomic Power Division 

Invited Discussor: 

S. A. Wenk, University of California, 

Radiation Laboratory 
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A.M. Morrison Hotel 
Session on Deformation 


Effect of Deformation and Low Tempera- 
tures on the Structures of AgCd and AuZn 
By D. B. Masson and C. S. Barrett, 
University of Chicago 

Role of Rate-History in the Calculation of 
Creep Behavior 

By J. D. Lubahn, General Electric Co. 
Temperature Dependence of the Yield 
Stress for Copper and Aluminum 

By W. D. Sylwestrowicz, Bell Telephone 
Laboratories 

Grain Boundry Deformation in  Fine- 
Grained Electrolytic Magnesium 

By S. L. Couling, Dow Chemical Co., and 
C. S. Roberts, Shockley Semi-conductors 
Laboratory 

Activation Energies for Creep of Single 
Aluminum Crystals 

By J. Lytton, L. Shepard and J. E. Dorn, 
University of California 

Size Effects in the Deformation of Bi- 
crystals and Single Crystals of Aluminum 
By R. L. Fleischer and Bruce Chalmers, 
Harvard University 

Abrupt Yielding and the Ductile-to-Brittle 
Transition in Body Centered Cubic Metals 
By E. T. Wessel, Westinghouse Electric 
Corp. 

Effect of Strain and Temper Embrittlement 
on the Impact Transition Temperature of 
an A.LS.I. E-6150 Steel 

By EF. Steeb, North American Aviation 
and P. C. Rosenthal, Univ. of Wisconsin 


A 
I Ee A.M. Morrison Hotel 
Symposium on the 
Relation of Structure and 
High-Temperature Properties 


Nature of Aging of Fe-Cr Alloys at 500° C. 
By M. J. Marcinkowski and R. M. Fisher, 
U.S. Steel Corp. 

Influence of Structures in Low-Alloy Steels 
on the High-Temperature Properties 

By L. Habraken, Centre National de 
Recherches Metallurgiques (Belgium ) 
Evolution of Aging Structures During 
High-Temperature Exposure 

By W. C. Hagel and H. J. Beattie, Jr., 
General Electric Co. 

Phase Changes in an Age-Hardenable 
Ni-Fe-Cr Alloy During Prolonged Heating 
By C. C. Clark and J. S. Iwanski, Inter- 
national Nickel Co. 

Structure and Property Studies in Ni-Cr-Al 
Solid Solution, Dispersion Hardened 

By J. H. Westbrook, General Electric Co. 
Electron Microstructure of an  Age- 
Hardenable Ni-Cr Alloy 

By K. G. Carrol and J. R. Mihalisin 
International Nickel Co. 

Fundamental Influence of Cobalt in Heat 
Resisting Steels 

By W. Siegfried, W. Bollmann, B. Lux and 
H. Nohl, Battelle Memorial Institute, 
Geneva (Switzerland ) 
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A.M. Palmer House 


Educational Lecture Series on 
Precipitation From Solid Solution 


Introductory and Summary Lectures 
By R. F. Mehl, 
Carnegie Institute of Technology 
General Theory, Mechanism and Kinetics 
By J. B. Newkirk, General Electric Co. 
Precipitation Hardening Aluminum-Base 
Alloys 

W. A. Anderson, 
Alcoa Research Laboratories 


Seminar on Structure of 
Solid Solutions 


Elastic Constants of Solid Solutions 
By C. S. Smith, 
Case Institute of Technology 
Resistance Anomalies in Dilute Alloys 
By R. W. Schmitt, General Electric Co. 
Nuclear Magnetic Resonance in Metals and 
T. J. Rowland, 
Electro Metallurgical Co. 


A.M. Morrison Hotel 


Structures and Properties 
of Metals and Alloys 


Preferred Orientations in Castings 

By Derek Walton and Bruce Chalmers, 
Harvard University 

Ductility in Beryllium Related to Grain 
Orientation and Grain Size 

By J. Greenspan, Nuclear Metals, Inc. 
Effects of Various Preferred Orientations 
on the Dimensional Stability of Uranium 
By W. V. Cummings, General Electric Co. 
Dimensional Stability of Uranium-Chro- 
mium Alloy 

By M. C. Fraser, G. A. Last, and S. H. 
Bush, General Electric Co. 

A Study of the Effect of Reactor Irradiation 
on the Microstructure of Uranium 

By T. K. Bierlein and B. Mastel, General 
Electric Co. 

Irradiation Effects on the Tensile Properties 
of Zircaloy-2 

By R. S. Kemper, Jr., and D. L. Zimmer- 
man, General Electric Co. 

Brittleness and the Thermal Expansion Be- 
havior of Titanium Carbide Base Cermets 
By H. W. Newkirk, Jr., General Electric 
Co., and H. H. Sisler, Ohio State University. 
Estimation of Coefficients for the Reactive 
Diffusion of Carbon in Zirconium Carbide 
By E. Hirakis and 

M. A. Steinberg, Horizons, Inc. 

Surface Tension of Silver-Gold and Copper- 
Gold Solid Solutions 

By S. S. White, C. M. Adams, Jr., and 
J. Wulff, Mass. Institute of Technology. 
Autoradiographic and Metallographic Evi- 
dence for a Metallic Second Phase in High- 
Purity Zinc 

By I. S. Servi, M. Stern, and W. W. Webb, 
Electro Metallurgical Co., Div. of Union 
Carbide Corp. 
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12:00 M. International Amphitheater — 39th Annual Metal Exposition Opens 
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Second Session on Steel 


Some Aspects of the Morphology and 
Chemistry of Lead in Leaded High-Sulphur 
Steels 

By J. W. Thurman and E. J. Paliwoda, 
Jones & McLaughlin Steel Corp., and E. J. 
Duwell, Minnesota Mining & Mfg. Co. 
The Distribution of Residual Stresses in 
Carburized Cases and Their Origin 

By D. P. Koistinen, General Motors Corp. 
The Effect of Percentage of Tempered 
Martensite on Endurance Limit 

By F. Borik, R. D. Chapman and W. E. 
Jominy, Chrysler Corp. 

The Machinability of Type A Leaded Steels 
By E. J. Paliwoda, 

Jones & Laughlin Steel Corp. 


P.M. Palmer House 


Session on Titanium 


Grain Growth and Recrystallization of 
Commercial Titanium and Ti-100A Alloy 
By E. L. Bartholomew, 

University of Connecticut 

Mechanical Properties and Heat Treatment 
of Titanium-Columbium Alloys 

By L. W. Berger, D. N. Williams and R. I. 
Jaffee, Battelle Memorial Institute 
Evaluation of a New Titanium-Base Sheet 
Alloy, Ti-4 Al-3 Mo-1 V 

By R. S. Richards, D. L. Day and H. D. 
Kessler, Titanium Metals Corp. of America 
Mechanical Properties Correlated With 
Transformation Characteristics of Titanium- 
Vanadium Alloys 

By E. L. Harmon and A R. Troiano, Case 
Institute of Technology, and J. Kozol, 
Combustion Engineering, Inc. 

Factors Affecting the Absorption and Dis- 
tribution of Hydrogen in Titanium During 
Acid Pickling 

By C. R. McKinsey, M. Stern and R. A. 
Perkins, Electro Metallurgical Co. 

The Mode of Hydride Precipitation in 
Alpha Titanium and Alpha Titanium Alloys 
By Tien-Shih Liu, 

Titanium Metals Carp. of America 

and M. A. Steinberg, Horizons, Inc. 
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Educational Lecture Series on 
Precipitation From Solid Solution 


Palmer House 


Conference on the Metal Plutonium 


Qointly With Atomic Energy Commission) 
Role of Plutonium in Nuclear Power 


General Statement 

By R. M. Kiehn, Los Alamos Laboratory 
Concepts Employing Solid Fuel Elements 
By Frank G. Foote, Argonne National 
Laboratory 

Plutonium Fuels for Power Reactors 

By S. F. Pugh, U.K. Atomic Energy 
Authority (England ) 

Fluid Fueled, Fast Power Reactor Concept 
By Russell E. L. Stanford, Atomic Power 
Development Assoc., Inc. 

“Lampre” (Molten Plutonium) Concept 
By David Hall, Los Alamos Laboratory 
Liquid Metal Fuel Reactor (LMFR) 

By David Gurinsky, Brookhaven National 
Laboratory 

Mixed-Oxide Concept 

By W. M. Cashin, Knolls Atomic Power 
Laboratory 

The Hanford Plutonium Re-cycle Reactor 
Concept 

By R. M. Fryar, Hanford Atomic Products 
Operation 


Precipitation Reactions in Irons and Low- 
Alloy Steels 

By H. W. Paxton,, Carnegie Institute of 
Technology 

Precipitation in Iron-Base Alloys 

By Adolph J. Lena, Allegheny Ludlum 
Steel Corp. 
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:00 P.M. Sherman Hotel 


Panel Discussion; Group 4; 
Heat Treatment 


Topic: Minimizing Distortion 


Moderator: H. N. Bosworth, 
H. N. Bosworth Steel Treating Co. 
Panel Members: 
Otto Schaaber, Institute fur Harterei- 
Technik (Germany) 
D. J. Wright, Caterpillar Tractor Co. 
Olle Liedholm, A. B. Volo (Sweden) 
W. T. Groves, Dana Corp. 
Frank P. Heard, Coote & Jorgensen, Ltd. 
( Australia ) 
George Bidigare, Commercial Steel 
Treating Corp. 


WME 200 P.M. Sherman Hotel 


Panel Discussion; Group 5; 
Welding and Joining 
Topic: Electrodes 


Moderator: D. C. Smith, Harnischfeger Corp. 
Panel Members: 

Bjorn Kjellberg, Elektriska Svetsnings 
A.B. (Sweden) 

O. T. Barnett, Armour Research Foun- 
dation 

Veikko Valanti, OY ESAB, Pitajanmaki 
( Finland ) 

R. K. Lee, Alloy Rods Co. 

Hiroshi Kihara, Tokyo University 
(Japan) 

W. H. Wooding, Philadelphia Navy Yard 


D0 P.M. Morrison Hotel 


International Participation 
Conference 


The Basis for Selection of 
Optimum Test Methods 


(Continued From Morning) 


P.M. Morrison Hotel 
Titanium Metallurgy 


Phase Transformations in Hypoeutectoid 
Titanium-Chromium Alloys 

By H. I. Aaronson, W. B. Triplett and 
G. M. Andes, 

Carnegie Institute of Technology 

Notch Tensile Properties of Selected Titan- 
ium Alloys 

By E. P. Klier, Syracuse University, and 
N. J. Feola, Curtiss-Wright Corp. 

Effect of Hydrogen on the Fatigue Proper- 
ties of Titanium and Ti-Mn Alloys 

By L. W. Berger, W. S. Hyler and R. I. 
Jaffee, Battelle Memorial Institute 
Hydrogen Distribution in Heat Treated 
Titanium Alloys as Established by Auto- 
Radiography 

By O. J. Huber, J. E. Gates, A. P. Young, 
M. Poberskin and P. D. Frost, Battelle 
Memorial Institute 

Hydrogen Solubility and Removal for Ti- 
tanium and Titanium Alloys 

By W. M. Albrecht and M. W. Mallett, 
Battelle Memorial Institute 


Effect of Crystallographic Orientation and 
Oxygen Content on Knoop Hardness Values 
of Iodide Titanium 

By C. Feng and C. Elbaum, University of 
Toronto 

Effect of Hydrogen on Some Mechanical 
Properties of a Titanium Alloy Heat 
Treated to High Strength 

By H. A. Robinson, P. D. Frost and W. M. 
Parris, Battelle Memorial Institute 
Reorientation Textures Developed by Iso- 
thermally Annealing Cold Rolled Iodide 
Titanium 

By C. J. Sparks, Jr., Wright Air Develop- 
ment Center, and J. P. Hammond, Oak 
Ridge National Laboratory 
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2:00 P.M. Morrison Hotel 


Deformation and Oxidation 


Hydrogen, Crack Initiation, and Delayed 
Failure in Steel 

By H. H. Johnson, J. G. Morlet, and A. R. 
Troiano, Case Institute of Technology 
Fracture of Zinc Monocrystals and Bi- 
crystals 

By J. J. Gilman, General Electric Co. 
Temperature Dependence of Flow and 
Fracture in Coated Zinc Single Crystals 
By L. C. Weiner, Columbia University 
Pyramidal Slip in Magnesium 

By R. E. Reed-Hill and W. D. Robertson, 
Yale University 

Grain Boundary Shear in Aluminum 

By F. Weinberg, Department of Mines and 
Technical Surveys, Ottawa, Ont. 

Delay Time in Face-Centered Cubic Metals 
By I. R. Kramer and 

H. R. Peiffer, Rias, Inc. 

Work Hardening on the Latent Slip Direc- 
tions of Alpha-Brass During Easy Glide 
By W. L. Phillips and W. D. Robertson, 
Yale University 

Impurity Substructures in Zinc Single 
Crystals 

By H. G. F. Wilsdorf, Franklin Institute 
Oxidation of Zircaloy-2 and 3A at 300 
to 850° C. 

By E. A. Gulbransen and K. F. Andrew, 
Westinghouse Electric Corp. 

Structural Aspects of the Corrosion of 
Stainless Steel at 500 to 700° C. in Gaseous 
Atmospheres 

By E. A. Gulbransen, T. Copan and D. van 
Rooyen, Westinghouse Electric Corp. 
Fabrication of Uranium Dioxide Fuel 
Element Shapes by Hydrostatic Pressing 
By H. W. Newkirk, Jr., and R. J. Anicetti, 
General Electric Co. 


OCTOBER 1957 


)0 P.M. Morrison Hotel 


Symposium on the 
Relation of Structure and 
High-Temperature Properties 


Influence of Carbon and Nitrogen on Creep 
and Creep-Rupture Properties and Struc- 
ture of 18-8 Cr-Ni Steels, With and With- 
out Molybdenum 

By G. V. Smith, Cornell University, F. 
Garofalo and L. Zwell, U.S. Steel Corp. 
Effect of Interstitial Elements on the Prop- 
erties of Cr-Mn-N-C Steels 

By Chi-Mei Hsiao and E. J. Dulis, 
Crucible Steel Co. of America 
Microstructural Changes in a 42-30-25 Ni- 
Cr-Fe Alloy During Creep-Rupture Testing 
By E. P. Sadowski and R. J. Raudebaugh, 
International Nickel Co. 
Nickel-Chromium Base Alloys Hardened 
With Refractory Oxide Additions 

By A. W. Cochardt, Westinghouse Electric 
Corp. 

Contribution of Spherical and Platelike 
Precipitate Particles to Creep and Tensile 
Strength 

By E. E. Underwood, Battelle Memorial 
Institute 

Creep and Structure Studies of Two-Phase 
Aluminum-Copper Alloys 

By R. Pelloux, A. R. Chaudhuri and N. J. 
Grant, Mass. Institute of Technology 


0 P.M. Morrison Hotel 


Research Summaries on 
Structure of Solid Solutions 


Solubility of Hydrogen in Thorium Metal 
By D. T. Peterson and D. G. Westlake, 
lowa State College. 

Free Energy Changes Attending the Marten- 
sitic Transformation in the Fe-Cr and Fe- 
Cr-Ni Systems 

By Larry Kaufman, Massachusetts Institute 
of Technology. 

Calculation of Entropies of Solute Atoms 
From Solid Solubilities 

By J. F. Freedman, Yale University, and 
A. S. Nowick, Columbia University 
Elastic Interaction of Interstitial Atoms in 
Body-Centered Cubic Crystals 

By J. C. Fisher, General Electric Co. 
Misfit Strain Energy in the Gold-Copper 
System 

By Ralph Hultgren, Univ. of California 
An Acoustical Study of Low-Temperature 
Aging in Al-4.2 Cu 

By M. E. Fine and C. Chiou, Northwestern 
University. 

Alloying Behavior of Ni,Al (7’-Phase) 
By R. W. Guard and J. H. Westbrook, 
General Electric Co. 
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A.M. Palmer House 


Mechanical Properties of Steel 


Strain Hardening of Austenitic Stainless 
Steel 

By G. W. Powell, Nuclear Metals, Inc., 
E. R. Marshall, University of Vermont, 
and W. A. Backofen, Massachusetts Insti- 
tute of Technology 


The Effect of Rate of Stress Application and 
Temperature on the Upper Yield Stress of 
Annealed Mild Steel 

By J. A. Hendrickson and D. S. Wood, 
California Institute of Technology 


Some Aspects of Pre-Yield Phenomena in 
Mild Steel at Low Temperatures 

By W. S. Owen, Morris Cohen and B. L. 
Averbach, Massachusetts Institute of Tech- 
nology 


The Energy Stored in Ingot Iron Deformed 
by Torsion at +25 —82 and —185° C. 

By T. P. Wang, Wilbur B. Driver Co., and 
Norman Brown, University of Pennsylvania 


A.M. Palmer House 


Session on Metallography 


Classification of Precipitation Systems 
By R. O. Williams, Cincinnati Milling Ma- 
chine Co. 


A Method for Etching Metals by Ion Bom- 
bardment 

By John B. Newkirk and W. G. Martin, 
General Electric Co. 


The Relation Between Constitution and 
Ultimate Grain Size in Aluminum Alloy 
3003 

By Philip R. Sperry, Kaiser Aluminum & 
Chemical Corp. 


The Occurrence of Laves-Type Phases 
Among Transition Elements 

By R. P. Elliott and W. Rostoker, Armour 
Research Foundation 


A.M. Palmer House 


Conference on the Metal Plutonium 
(Jointly With Atomic Energy Commission) 


Physical Properties of 
Plutonium Metal 


Preparation of High-Purity Metal 
By Argonne Laboratory Representative 


Physical Properties of Plutonium Studied 
at U.K. Atomic Energy Research Establish- 
ment 

By J. A. Lee and P. G. Mardon, Harwell 
(England) 

Some Physical and Physico-Chemical Prop- 
erties of Plutonium Studied at U.K. Atomic 
Weapons Research Establishment 

By A. E. Kay and W. B. H. Lord, Alder- 
maston (England) 

Some Mechanical Properties of Plutonium 
By H. R. Gardner, Hanford Atomic 
Products Operation 

First French Studies on French-Made Plu- 
tonium Metal 

By R. Abramson, F. Anselin, R. Boucher, 
R. Fabre, H. Monti and R. Pascard, Saclay 
(France) 

Dilatometry and Thermal Analysis 

By E. M. Cramer, Los Alamos Laboratory 
Sound Velocity Measurements 

By H. L. Laquer, Los Alamos Laboratory 
Measurement of Diverse Physical Properties 
By T. A. Sandenaw, Los Alamos Labora- 
tory 

Crystal Structure 

By W. H. Zachariasen, University of Chi- 
cago 

Delta-Prime Phase 

By R. O. Elliott, Los Alamos Laboratory 
The Corrosion of Plutonium 

By J. T. Waber, Los Alamos Laboratory 
Radiography and Auto-Radiography of the 
Metal and Its Alloys 

By G. H. Tenney, Los Alamos Laboratory 
Summary and Review 

By A. S. Coffinberry, Los Alamos Labora- 
tory 
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AN 
Sherman Hotel 


Panel Discussion; Group 3; 
Metal Fabrication 


Topic: Steel Gears 


Moderator: M. F. Gardwood, Chrysler 
Corp. 

(a) Selection of Steel 
By Harry B. Knowlton, Armour Re- 
search Foundation 

(b) Fabrication 
By Aldo Zazzaroni, FIAT (Italy), 
and T. A. Frischman, Eaton Mfg. 
Co. 
Problems in Operation 
By H. Sigwart, Daimler-Benz A.G. 
(Germany ), and R. L. Mattson, Gen- 
eral Motors Corp. 


A.M. Morrison Hotel 


Nondestructive Testing of 
Nuclear Power Reactor Components 


Nondestructive Testing of Fuel Elements for 
DIDO 

By J. Thewlis, Atomic Energy Research 
Establishment (England ) 

The Fundamentals of Differential Radiation 
Measurements 

By Richard A. Nickerson, Sandia Corp. 
NRU—Some of Its Special Testing Prob- 
lems 

By A. J. Mooradian, Atomic Energy of 
Canada, Ltd. 

Dimensional Measurements Using Non- 
destructive Testing Techniques 

By Bernard Cunningham, Westinghouse 
Electric Corp., Atomic Fuel Dept. 


A 
Morrison Hotel 


Recent Developments in 
Steelmaking Practices 


Properties and Performance of Continuously 
Cast Low-Carbon Steel Products 

By R. N. Edmonson, L. Mair 

and M. Tenenbaum, Inland Steel Co. 
Nitrogen Control and Nitrogen Content of 
Steels 

By K. G. Speith and H. vom Ende, 
Mannesmann-Huttenwerke (Germany ) 
Vacuum Arc Melting 

By E. W. Johnson, Westinghouse Electric 
Corp. 

Observations of the Russian Steel Industry 
By N. J. Grant, Massachusetts Institute of 
Technology 


OCTOBER 1957 


Ae’ 
Morrison Hotel 


Nonferrous and High-Temperature 
Alloys 


Sand Cast Alloys of Magnesium-Rare Earth 
Metal-Zirconium Alloys 

By T. E. Leontis, Dow Chemical Co., and 
D. H. Feisel, Carnegie Institute of 
Technology 

Blister Formation in Rolled Aluminum 

By J. H. O’Dette, Aluminum Laboratories, 
Ltd. (Canada) 

On the Release of Hydrogen From Molten 
Aluminum 

By Asutosh Pal, Aunapurna Metal Works 
(India), and H. M. Davis, Pennsylvania 
State University 

Elastic Properties of Yttrium and Eleven 
of the Rare Earth Elements 

By J. F. Smith, C. E. Carlson and F. H. 
Spedding, Iowa State College 

Gas Desorption of Copper Powders 

By J. C. Tobin, General Electric Co., and 
M. J. Sinnott, University of Michigan 
Copper-Silica and Copper-Alumina Alloys 
of High-Temperature Interest 

By K. M. Zwilsky and N. J. Grant, 
Massachusetts Institute of Technology 
Nitrides in Chromium 

By I. S. Servi and W. D. Forgeng, Electro 
Metallurgical Co. 

Determination of Orientation in Mag- 
nesium by Polarized Light 

By C. W. Pearsall and S. J. Couling, Dow 
Cc 


emical Co. 


.M. Morrison Hotel 


Seminar on 
Science of Metal Hardening 


Effect of Alloying on High-Temperature 
Creep Properties 

By J. Weertman, U. S. Naval Research 
Laboratory 

Magnetic Study of Precipitation Hardening 
By J. D. Livingston, General Electric Co. 
Strength of Age-Hardened Alloys 

By A. Kelly, Northwestern University 
Nonhomogeneous Deformation in the 
Austenite-Martensite Transformation 

By D. S. Lieberman, University of Mlinois 


75 


| 
NAY: 
> 
| 
= 


i Hhisho A.M. Palmer House 


Joint Session With & on 
Modern Techniques 


Modernization in Heating for Hot Forming 
By P. H. Morse, Magnethermic Corp. 


The Metallurgy of Annealing in Fractional 
Minutes 

By R. K. Wuerfel, Westinghouse Electric 
Corp. 


Techniques and Metallurgy of Induction 
Vacuum Melting 
By Walter Jones, General Electric Co. 


Convection and Radiation in High Speed 
Heating 

By R. J. Reed, North American Mfg. Co. 
Influence of High Speed Strip Annealing on 
Metallurgical Properties 

By Gilbert J. Langenderfer, 

Surface Combustion Corp. 

Automation in Heating and Quenching 

By N. K. Koebel, 

Lindberg Engineering Co. 


M. Palmer House 


Annual Awards Luncheon 


Speaker: Joel Hunter, President and Chief 
Executive Officer, Crucible Steel Co. of 


America 


oY A.M. Morrison Hotel 


Symposium on Titanium 


Moderator: L. S$. Busch, Mallory-Sharon 
Titanium Corp. 

Keynote Speaker: John Garrett, Office of 
Assistant Secretary of Defense for 
Research and Development 

United States’ Progress in Titanium, 1956 

and 1957 

By W. J. Harris, Jr., Minerals and Metals 

Advisory Board, National Academy of Sci- 

ence—National Research Council 

European Progress in Titanium 


A.M. Palmer House 


Educational Lecture Series on 
Precipitation From Solid Solution 
Precipitation in Copper Alloys 
By William D. Robertson, Yale University 


Precipitation Reactions in Magnesium 
Alloys 
By R. S Busk, Dow Chemical Co. 
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)P.M. Morrison Hotel 
Mehl Honor Lecture 
‘ Mottling in Radiographs of Al-Si-Cu Per- 
manent Mold Castings 
ail By Kent R. Van Horn, Aluminum Co. of 


America 


S.N.T. Annual Meeting 


es P.M. Palmer House 


Educational Lecture Series on 
Precipitation From Solid Solutions 


Some Age Hardening Characteristics of 
Nickel-Chromium Alloys (Nickel-Rich) 
Containing Aluminum and Titanium 

By R. J. Raudebauch and Clarence Bieber, 
International Nickel Co. 

Precipitation in Cobalt-Base Alloys 

By Glenn A. Fritzlen, Haynes Stellite Co. 


AS 
QP P.M. Palmer House 


Conference on the Metal Plutonium 
Qointly With Atomic Energy Commission) 


Plutonium Alloys and Fuel Elements 


Phase Diagrams Studied at Harwell 

By M. B. Waldron, U.K. Atomic Energy 
Authority (England ) 

Phase Diagrams Studied at Los Alamos 

By F. W. Schonfeld, 

Los Alamos Laboratory 

Phase Diagrams Published by Russians 

By F. W. Schonfeld, 

Los Alamos Laboratory 


Review of Intermetallic Compounds 

By F. H. Ellinger, Los Alamos Laboratory 
Aluminum-Plutonium Elements for MTR 
By R. E. Tate, Los Alamos Laboratory 
Plutonium Alloy Preparation at Chalk River 
By O. J. C. Runnalls, Atomic Energy of 
Canada, Ltd. 

Fabrication of Al-Pu Elements for NRX 
By K. L. Wauchope, Atomic Energy of 
Canada, Ltd. 

Studies of Other Fuel Elements Containing 
Plutonium 


By L. R. Kelman, Argonne National Labo- 
ratory 


S 
QVvPp P.M. Palmer House 


Session on Brittle Fracture 


Brittle Fracture of Mild Steel in Tension at 
— 196° C, 

By W. S. Owen, Morris Cohen and B. L. 
Averbach, Mass. Institute of Technology 
The Initiation of Brittle Fracture in Mild 
Steel 

By J. A. Hendrickson, D. S. Wood and 
D. S. Clark, 

California Institute of Technology 

A Study of the Role of Carbon in Temper 
Embrittlement 

By E. B. Mikus, General Motors Corp., and 
C. A. Siebert, University of Michigan 
Brittle-to-Ductile Transition Temperatures 
of Binary Chromium-Base Alloys 

By E. P. Abrahamson II and N. J. Grant, 
Massachusetts Institute of Technology 


P.M. Sherman Hotel 


Panel Discussion; Group 3; 
Metal Fabrication 


Selection of Sheet Steel for 
Formability 


Moderator: Ralph W. E. Leiter, 
The Budd Co. 
Panel Members: 
Gerald Murray, Pressed Steel Co., Ltd. 
(England) 
Louis McQueen, Jones & Laughlin Steel 
Corp. 


P.M. Sherman Hotel 


Panel Discussion; Group 5; 
Welding & Joining 


Stress Relieving & Preheating 


Moderator: Leon C. Bibber, U.S. Steel Corp. 


Panel Members: 
Charles G. Y. Keel, Swiss Acetylene 
Society (Switzerland ) 
Perry Arnold, Chicago Bridge & Iron Co. 
R. M. Gooderham, 
Canadian Welding Bureau 
O. R. Carpenter, Babcock & Wilcox 
Norman Block, Foster Wheeler Corp. 
J. L. Zeyen, Oerlikon Buhrle and Co. 
( Switzerland ) 
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As 
ay P.M. Morrison Hotel 


Research Summaries on 
Science of Metal Hardening 


Solute Strengthening in 80 Ni-20 Cr Alloys 
By R. W. Guard, General Electric Co. 
Substitutional Solution Hardening in 
Copper Alloys 

By Carl Wiseman, University of California 
Quench Hardening in Pure Gold 

By J. W. Kauffman and M. Meshii, North- 
western University 

Grain Boundary Sliding in Copper Bi- 
Crystals 

By J. Intrater and E. S. Machlin, Columbia 
University 

Effect of Carbide Dispersion on _ the 
Strength of Tempered Martensite 

By A. M. Turkalo and J. R. Low, Jr., 


OSH PM. Morrison Hotel 


Symposium on 
Titanium Manufacture and Use 


Moderator: N. E. Promisel, U.S. Navy, 
Bureau of Aeronautics 

Introduction 

By L. S. Busch, Mallory-Sharon Titanium 

Corp. 

Airframe Uses 


General Electric Co. 

Dispersion Hardening by Spherical Parti- 
cles 

By H. R. Peiffer, R. H. Read and A. J. : 
Shaler, Pennsylvania State University P.M. Morrison Hotel 

Dislocation Tilts and Strains Session en Gontinneus aking 


By Larry Kaufman and S. A. Kulin, Moderator: K. L. Fetters, Youngstown 
Massachusetts Institute of Technology Sheet & Tube Co. 


Panel Leader: J. F. Elliott, Massachusetts 
Institute of Technology 


Engine Uses 
General Uses 


Om P.M. Morrison Hotel 


— Session on Nuclear Metals 


Effect of Heat Treatment on Hardness and 
Microstructure of U-Ti Alloys 

By D. L. Douglass and L. L. Marsh, Jr., 
Battelle Memorial Institute 

Preferred Orientation in Rolled Uranium 
By M. H. Mueller and H. W. Knott, 
Argonne National Laboratory; W. P. Cher- 
nock, Combustion Engineering, Inc., and 
P. A. Beck, University of Illinois 
Transformation Kinetics of U-Zr Alloys 
Containing 50 and 60% U 

By J. J. Kearns, Westinghouse Electric 
Corp. 

Epsilon Phase in U-Si Alloy 

By S. Isserow, Nuclear Metals, Inc. 
Irradiation Stability of Lean U-Zr Alloys 
By A. H. Willis, General Electric Co. 
Metallography of Irradiated Uranium- 
Preparation; Cathodic Vacuum Etching; 


Replication 

By T. K. Bierlein, J. R. Morgan and G. R. ' . 

Mallett, General Electrice Co. ye) P.M. Morrison Hotel 

Corrosion Mechanism of Uranium-Base Cocktail Party and Dinner 


Alloys in High-Temperature Water 
By M. W. Burkart and B. Lustman, West- Speaker: John A. Wilson, Oriental Insti- 
tute, University of Chicago 


inghouse Electric Corp. 

A Mechanism by Which Zr and Ti Inhibit 
Corrosion and Mass Transfer of Steels by 1P.M. Morrison Hotel 
Liquid Heavy Metals 

By O. F. Kammerer, J. R. Weeks, J. Sadof- 
sky, W. E. Miller and D. H. Gurinsky, 
Brookhaven National Laboratory 


Social Hour and Annual Banquet 


Presentation of Honor Awards 


OCTOBER 1957 79 


AS 
A.M. Palmer House 


Chapter Chairmen’s Breakfast 


A.M. Palmer House 


Annual Meeting 
of the American Society of Metals 


A.M. Palmer House 
Welding of Stainless Steel 


(Arranged by A.E.C.’s 
Internal Group on Welding) 


Studies on the Welding of Type 347 Stain- 
less Steel 

Reported by V. N. Krivobok, International 
Nickel Co. 


0 A.M. Morrison Hotel 


International Participation 
Conference 


Advantages and Limitations of 
Nondestructive Tests 
Characteristics Which Can Be Evalu- 
ated 
Reliability of Test Data 
Speed of Test Data Collection 
Cost of Equipment 
. Availability of Equipment 
Keynote Speakers: 
H. Krainer, Forschungszentrale, Gebr. 
Bohler & Co. (Austria) 
D. W. Ballard, Sandia Corp. 
L. van Ouwerkerk, Roentgen Technische 
Dienst (Holland ) 
Invited Discussors: 
Prof. Hiroshi Kihara, Tokyo University 
(Japan) 
Al Cota, A. O. Smith Corp. 


e 


300 A.M. Morrison Hotel 


Session on Titanium 


Analysis of Titanium Alloys by the Vacuum 
Fusion Method 

By H. Littman, R. P. Barber and H. P. 
Munger, Syracuse University 

Electrical Resistivity Anomalies in Tita- 
nium-Oxygen Alloys 

By R. J. Wasilewski, E. I. du Pont de 
Nemours and Co. 

Interaction of Oxygen With Dislocations 
in Alpha-Titanium and Its Effect on the 
Ductile-to-Brittle Transition 

By Devendra Gupta, New York University 
and Sheldon Weinig, 

Materials Research Corp. 

Effect of Alpha-Beta Ratio on the Heat 
Treated Properties of Titanium Alloys 
By R. J. Quigg, E. L. Harmon, Jr. and 
A. R. Troiano, Case Inst. of Technology 
Grain-Boundary Adsorption of Solutes and 
Its Effect on the Creep Properties of Alpha 
Titanium 

By J. Winter, New York University and 
Sheldon Weinig, Materials Research Corp. 


M0 A.M. Morrison Hotel 
Session on Ferrous Metallurgy 


Distribution of Boron in Gamma _ Iron 
Grains 

By R. M. Goldhoff, General Electric Co., 
and J. W. Spretnak, Ohio State University 
Some Observations in 885° F. Embrittle- 
ment 

By G. F. Tisinai and C. H. Samans, 
Standard Oil Co. (Indiana) 

Studies on the Behavior of Oxygen in Cast 
Iron 

By Gustaf Ostberg, Falu Kopparverk 
(Sweden) 

Hot-Pressure Bonding of Iron to Aluminum 
By A. Bartoszak, J. Bedell and 

S. Storchheim, The Glenn L. Martin Co. 
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\ ope A.M. Armour Research Foundation 


(Attendance limited to members of $.L.A.) 


Recent Developments in Nonferrous Metals 
By David W. Levinson, Armour Research 
Foundation 

The Report and Document Library at 
Armour Research Foundation 


A.M. Morrison iste By Mary Patricia Murray, Armour Research 
Foundation 
Symposium on Uranium Design of a Punched Card System as an 
and Uranium Dioxide Example of Literature Research at Armour 
Research Foundation 
Development of Casting Techniques for By Ann P. Wennerberg, Armour Research 
Uranium and Uranium Alloys Foundation 
By G. E. Jaynes, D. T. Doll and J. M. AS 
Taub, Los Alamos Scientific Laboratory WH A.M. Palmer House 
Uranium Ingot Production at Atomic 
Energy Commission Feed Materials Produc- Campbell Memorial Lecture 
tion Centers 
By B. J. Buntz, Mallinckrodt Chemical Modern Concepts of Flow and Fracture 
Works By Earl R. Parker, University of California 


Induction Melting of Uranium-Base Alloys 
By N. J. Carson, Argonne National Lab. 
Melting and Casting of U-Zr-Nb Alloys 
By N. J. Carson and J. E. Baird, Argonne 
National Laboratory 
Centrifugal Casting of U-Zr Alloy Rods 
By A. B. Shuck, Argonne National Lab. 
Injection Casting of Uranium-Fission Alloy 
By F. L. Yaggee, J. E. Ayer and H. F. 
Jelinek, Argonne National Laboratory 4 
Arc Melting of Uranium-Rich Alloys 
By W. H. Britton and W. V. Haynes, - z 
Westinghouse Electric Corp. 
Press Forging of Ingot Uranium rae 
By J. A. Fellows and H. J. Schaffer, = 
Mallinckrodt Chemical Works 
Rolling of Uranium 
By G. S. Hanks, J. M. Taub and D. T. + t+ 
Doll, Los Alamos Scientific Laboratory 
Elevated-Temperature Characteristics of — 
Internally Oxidized Titanium-Cerium Alloys 
By R. H. Hiltz, Jr. and N. J. Grant, alee ps 
Massachusetts Institute of Technology +=} 


it 


A.M. 


Morrison Hotel 


Session on Diffusion 


Diffusion of the Elements of the I-B and 12:00 M. Palmer House 
II-B Sub-Groups in Silver 
By A. Sawatzky, Franklin Institute, and University Alumni Luncheons 


F. E. Jaumot, Jr, General Motors Corp. 
Diffusion of Mg, Si, and Mo in Nickel 

By R. A. Swalin and R. Olsen, University 
of Minnesota, and Alan Martin, Vanadium 
Corp. of America 


Molecular Diffusion and Interphase Trans- 
fer Between Solid Copper and Molten Lead 
By J. W. Gorman, Standard Oil Co. (Indi- 
ana) and G. W. Preckshot, University of 
Minnesota 


Approximate Method for Calculating Con- 
centration-Dependent Diffusion Coefficients 
By A. G. Guy and M. Golomb, 

Purdue University, 

and A. S. Yue, Dow Chemical Co. 


OCTOBER 1957 


¥P.M. Morrison Hotel 


International Participation 
Conference 


Advantages and Limitations of 


Various Nondestructive Tests 
(Continued From Morning) 


\ 
\ ; P.M. Armour Research Foundation 


Inspection of Library and 
A Research Facilities 


P.M. Palmer House 


Session on Stainless Steel 


Effect of Microstructure and Heat Treat- 
ment on Mechanical Properties of Type 431 


Stainless Steel 


By G. E. Dieter, E.1. du Pont de Nemours 


& Co. 


Effect of Aging Cycle on the Properties of 
an Iron-Base Alloy Hardened With 


Titanium 


By T. W. Eichelberger, Westinghouse 


Electric Corp. 


Influence of Nickel on Intergranular Cor- 


rosion of 18% Chromium Steels 


By J. R. Upp, Wright Air Development 
Center, F. H. Beck and M. G. Fontana, 


Ohio State University 


Phase Relationships in Austenitic 


Cr-Mn-C-N Stainless Steels 


By C. M. Hsiao and E. J] Dulis, Crucible 


Steel Co. of America 


Carbide Precipitation and Brittleness in 


Austenitic Stainless Steel 


By A. Kramer and W. M. Baldwin, Jr., 


Case Institute of Technology 


a5. M. Palmer H 
. M. mer House 


Welding in Nuclear Power 
Generators 


(Arranged by A.E.C.’s 
Internal Group on Welding) 


Welding of Stainless Steels Which Contain 
More Than 1% Boron 

By R. A. Noland, C. C. Stone, Argonne 
National Laboratory, and Kenneth Koop- 
man, Knolls Atomic Power Laboratory 
Joining of Stainless Steel to Zircaloy 2 
and Zircaloy 3 

By Kenneth Koopman, Knolls Atomic 
Power Laboratory 

Welding of Uranium 

By R. A. Noland and C. C. Stone, Argonne 
National Laboratory 


Sherman Hotel 


Panel Discussion; Group 2; 
Nonferrous Metals 


Continuous Casting 


Moderator: Carl E. Swartz, 
Consultant, Hinsdale, 
Panel Members: 
Hans Wieland, Wieland Werke A. G. 
(Germany ) 
J. S. Smart, Jr., American Smelting & 
Refining Co. 
Gerhard Ansel, Dow Chemical Co. 
Paul Brenner, Vereinigte Aluminium 
Werke (Germany) 
W. T. Ennor, Aluminum Co. of America 
Gerd Beckmann, Lobeck Casting Proc- 
esses (Germany ) 
J. L. Hunter, Hunter Engineering Co. 
Noman P. Goss, Consultant, Cleveland 
Ohio 


Sherman Hotel 


Panel Discussion; Group 3; 
Metal Fabrication 


Machining of Steel 


Moderator: H. N. Bogart, Ford Motor Co. 
(a) Approach to the Problem of Machin- 
ability 

By M. E. Merchant, Cincinnati Milling 
Machine Co. 

(b) Microstructure as Related to Machin- 
ability of Common Constructural Steels 
By Arthur H. Smith, Cadillac Motor Di- 
vision, General Motors Corp. 

(c) Effect of Composition of Constructional 
Steel on Machinability 

By L. W. Derry, Battersea Polytechnic 
Institute (England), and 

G. R. Caskey, Bliss & Laughlin, Inc. 
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yan P.M. Morrison Hotel 


Symposium on Uranium 
and Uranium Dioxide 


Extrusion of Uranium 

By P. Loewenstein, Nuclear Metals, Inc. 
Cold Working of Uranium 

By J. M. Taub, D. T. Doll and G. S. 
Hanks, Los Alamos Scientific Laboratory 
Fusion Welding of Uranium 

By E. L. Brundige, D. T. Doll, G. S. 
Hanks and J. M. Taub, 

Los Alamos Scientific Laboratory 
Powder Metallurgy of Uranium and 
Uranium Alloys 

By J. L. Zambrow, Sylvania-Corning 
Nuclear Corp. 

Various Methods of Preparing Uranium 
Dioxide for Fuel Element Use 

By G. W. Thompkin, D. E. Rhodes and 
C. M. Henderson, 

Mallinckrodt Chemical Works 

Fabrication of Bulk Form Uranium Dioxide 
for Use as Nuclear Reactor Fuel 

By J. Glatter, Westinghouse Electric Corp. 
Fabrication of High-Density Uranium 
Dioxide Fuel Components for the First 
Pressurized Water Reactor Core 

By T. J. Burke, J. Glatter, H. R. Hoge and 
B. E. Schaner, Westinghouse Electric Corp. 


Er 


yan P.M. Morrison Hotel 


Relation of Structure and 
High-Temperature Properties 


Variables Affecting Young's Modulus of 
Magnesium Alloys at Elevated Temperatures 
By R. W. Fenn, Jr., Dow Chemical Co. 
Structure and Creep Resistance of Magnes- 
ium Alloys 

By E. F. Emley, Magnesium Elektron Ltd. 
(England ) 

Recovery and Recrystallization in the Creep- 
Rupture Behavior of 2S Aluminum 

By M. B. Happ and N. J. Grant, 
Massachusetts Institute of Technology 
Structural Modifications of Steel During 
High-Temperature Deformation 

By C. Crussard and R. Tamhankar, 
Institut de Recherches de la Siderurgie 
( France ) 

Role of Subgrains in Creep 

By J. E. Dorn and L. Shephard, University 
of California 

Role of Grain Boundaries in Creep 

By E. R. Parker, University of California 


OCTOBER 1957 


Ae’ 
eo P.M. Morrison Hotel 


Session on Transformations 


Micrographic Investigation of Precipitation 
in Pb-Sn Alloys 

By D. Turnbull and H. N. Treaftis 
General Electric Co. 

Mechanism of Precipitation in an Alloy of 
Copper With 2.5% Iron 

By J. B. Newkirk, General Electric Co. 
High-Temperature Development of Minor 
Phases in a Nickel-Base Alloy 

By W. C. Bigelow, J. A. Amy and L. O. 
Brockway, University of Michigan 

X-Ray Investigation of Recrystallized Al- 
uminum 

By S. Weissman, Rutgers University 
Transformation Kinetics and Mechanical 
Properties of Zr-Mo Alloys 

By R. F. Domagala, D. W. Levinson and 
D. J. McPherson, 

Armour Research Foundation 

Textures of Cold-Rolled and Recrystallized 
Crystals of Silicon-Iron 

By J. L. Walter and W. R. Hibbard, Jr., 
General Electric Co. 

“Nuclei” for Secondary Recrystallization in 
Silicon-Iron 

By C. G. Dunn, General Electric Co., and 
P. K. Koh, Allegheny Ludlum Steel Corp. 
Intermetallic Compounds in Titanium 
Hardened Alloys 

By H. J. Beattie, Jr., and W. C. Hagel, 
General Electric Co. 


A 
SS P.M. Morrison Hotel 


Session on General Metallurgy 


Precipitation and Magnetic Annealing in a 
Cu-Co Alloy 

By J. J. Becker, General Electric Co. 
Processing and Properties of Co-Pt Perma- 
nent Magnet Alloys 

By D. L. Martin, General Electric Co. 
Elimination of Magnetic Effects in Be-Cu 
By Harold Bernstein, U.S. Naval Gun 
Factory 

Nitrides of Silicon 

By W. D. Forgeng, Electro Metallurgical 
Co., and 

B. F. Decker, General Electric Co. 
CsCl-Type Ordered Structures in Binary 
Alloys of Transition Elements 

By T. V. Philip, Crucible Steel Co. of 
America and P. A. Beck, University of 
Illinois 

Atomic Size Effects in Cr,O0-Type Structures 
By M. V. Nevitt, 

Argonne National Laboratory 

Internal Friction in Columbium 

By R. W. Powers and Margaret V. Doyle, 
General Electric Co. 

Some Features of Zone Melting 

By J. H. Wernick, 

Bell Telephone Laboratories 
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A.M. Palmer House 


Session on Mechanical Properties 


Effects of Temperature and Time on the 
Tensile Properties of Aluminum Alloys for 
Airframes 

By R. E. Fortney and C. H. Avery, 
Northrop Aircraft 

Apparatus for Determining the Hardness of 
Metals up to 3000° F. 

By M. Semchyshen and C. S. Torgerson, 
Climax Molybdenum Co. of Michigan 
Mechanical Properties of Forged Chromium 
By S. A. Spachner and W. Rostoker, 
Armour Research Foundation 

Deformation and Fracture of Li-Mg Solid 
Solutions 

By F. E. Hauser, P. R_ Landon and John 
E. Dorn, University of California 


A.M. Palmer House 


Thermal Cycling of Uranium 


Effects of Fabrication and Heat Treatment 
Variables 

By S. T. Zegler, R. M. Mayfield and 
M. H. Mueller, 

Argonne National Laboratory 

Growth of Uranium Upon Thermal Cycling 
By J. E. Burke and A. M. Turkalo, General 
Electric Co. 

Microstructural Changes of Uranium 

By L. T. Lloyd and R. M. Mayfield, 
Argonne National Laboratory 

Effects of Cycling Variables Upon Growth 
of Rolled Uranium 

By R M. Mayfield, Argonne National 
Laboratory 

Some Properties of Uranium Alloys Low in 
Titanium 

By Daniel J. Murphy, Univ. of Arizona 


AS 


Qo A.M. Palmer House 


Advanced Metallographic 
Techniques 


(Arranged by A.E.C.’s 
Internal Group on Metallography) 


Historical Background 

vd Cyril Stanley Smith, University of 
Chicago 

Early Work With Ultra-Violet 

By Francis F. Lucas, 

Bell Telephone Laboratories (Retired ) 
Metallographic Grinding and Polishing 

By L. E. Samuels, Defense Standards 
Laboratories ( Australia ) 

Revelation of Structures Through Surface 
Treatment 

By E. C. W. Perryman, Aluminium Lab- 
oratories, Ltd. (Canada) 

Incident Light Microscopy 

By George L. Kehl, Columbia University 
Microradiography, Auto-Radiography and 
X-Ray Microscopy 

By Sterling Newberry, 

General Electric Co. 

Electron Microscopy 

By W. C. Bigelow, University of Michigan 
Summary and Critique 

Cyril Stanley Smith, University of Chicago 


A.M. Sherman Hotel 


Panel Discussion; Group 1; 
Steelmaking & Refining 


Topic: Iron 


Moderator: Robert L. Stephenson, 
United States Steel Corp. 


(a) Present Technology of Ironmaking 

By Walther A. Guldner, High Authority, 
European Community (Luxembourg), and 
J. D. Saussaman, Kaiser Steel Co. 

(b) Developments in Ironmaking 

By E. Bonnaure (Belgium), and Michael 
O. Holowaty, Inland Steel Co. 

(c) Direct Reduction of Iron 

By P. E. Cavanagh, Ontario Research 
Foundation (Canada), and 

Bruce Old, Arthur D. Little, Inc. 


A.M. Sherman Hotel 


Panel Discussion; Group 2; 
Nonferrous Metals 


Practical Aspects of Metal Degassing 


Moderator: Albert J. Phillips, 
American Smelting & Refining Co. 
Panel Members: 
Ernest Scheuer, International Alloys Co., 
Ltd. (England) 
L. W. Eastwood, Kaiser Aluminum & 
Chemical Corp. 
J. H. Jackson, Battelle Memorial Institute 
George Timmons, Climax Molybdenum 
Co. of Michigan : 
Charles E. Nelson, Dow Chemical Co. 
R. A. Kozlik, International Nickel Co. 
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A.M. Sherman Hotel 


Panel Discussion; Group 8; 
Education and Research 


Metallurgical Education 


Moderator: Robert F. Mehl, 

Carnegie Institute of Technology 
(a) Physical Metallurgy 
By Thomas A. Read, University of Illinois, 
and T. Mishima, University of Tokyo 
(Japan ) 
(b) Process Metallurgy 
By W. O. Philbrook, Carnegie Institute of 
Technology, and 
G. Letendre, Laval University (Canada) 
(c) Graduate Work in Metallurgy 
By Earl R. Parker, University of California 
(d) Industrial Training 
By Harry Smith, U.S. Steel Corp. 


A.M. Morrison Hotel 


Session on Deformation 
and Related Properties 


Role of Polygonization in Creep 

By R. W. Guard, General Electric Co. 
Comparison of the Creep-Rupture Properties 
of Nickel in Air and Vacuum 

By P. Shahinian and M. R. Achter, U.S. 
Naval Research Laboratory 

Deformation of Rhenium 

By A. T. Churchman, Associated Electrical 
Industries, Ltd., London 

Internal Friction in Aluminum at Low 
Temperature 

By A J. Filmer, G. J. Hutton and T. S. 
Hutchison, Royal Military College of 
Canada 

Deformation of Aluminum Single Crystals 
at -77° 

By A. Kelly and S. Sato, 

Northwestern University 

Resistivity Recovery in Cold Worked 
Aluminum 

By H. R. Peiffer and I. R. Kramer, 

Rias, Inc. 

Mechanical Behavior of Microcrystals 
By W. W. Webb and W. D. Forgeng, 
Electro Metallurgical Co.., 

Div. of Union Carbide Corp. 

Motion of Dislocations Opposed by a 
Frictional Force 

By H. R. Peiffer, Rias, Inc. 

Viscous Dislocation Motion in LiF 

By J. J. Gilman and W. G_ Johnston, 
General Electric Co. 

Effect of Heat Treatment on the Coercive 
Force of Aluminum-Iron Alloys in the 
Ordering Region 

By K. Foster and D. Pavlovic, Westing- 
house Electric Corp. 
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A.M. Morrison Hotel 


Symposium on Powder Metallurgy 


Sintering of Aluminum Oxides 

By George Kuczynski, University of Notre 
Dame 

Rate of Infiltration of Metals 

By K. A. Semlak and F. N. Rhines, 
Carnegie Institute of Technology 

Effect of Specific Surface Area of Iron 
Powder on the Hot-Coined Specimens 

By D. P. Ferriss and J. G. Byrne, Stevens 
Institute of Technology 
High-Temperature Properties of Jickel and 
Cobalt Alloy Powder Extrusions Containing 
Nonmetallic Dispersions 

By C. G. Goetzel and Eric Gregory, 
Sintercast Corp. of America 

Hot Coining Cobalt-Base Metal Powders 
With Minor Additives. 

By D. P. Ferriss, EB. Wilson and G. J. 
Comstock, Stevens Institute of Technology 


D0 A.M. Morrison Hotel 


Educational Program 


Nondestructive Testing 
Techniques (Part I) 


Orientation 

By D. T. O'Connor, 

Chairman SNT Educational Committee 
Magnetic Particle Inspection 

By W. E. Thomas, Magnaflux Corp. 
Principles of Radiography 

By W. D. Kiehle, Eastman Kodak Co. 
Industrial Fluoroscopy 

By W. R. Hampe, Westinghouse Electric 
Corp. 

Radiographic Film Interpretation 

By A. L Pace, General Electric Co. 
Penetrant Testing 

By T. De Forest, Magnaflux Corp. 


\ 
\ I! 30 A.M. International Harvester Co.’s 


Central School 


Progress in Ferrous Metallurgy 


Advances in Ferrous Research 

By R. H. Aborn, U.S. Steel Corp. 
Contribution of Physics to Metallurgy 

By David S. Lieberman, University ot 
Illinois 

High-Temperature Alloys 

By M. C. Metzger, Universal-Cyclops Steel 
Corp. 
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VPodea International Harvester Co. 


Tour of 
Manufacturing Research Dept. 


(Limited to $.L.A. Members) 


Philosophy of Manufacturing Research 
By A. S. Jameson, 
International Harvester Co. 


P.M. Morrison Hotel 


AS 
Qo. Palmer House 


Session on Physical Metallurgy 


Educational Program 


Nondestructive Testing 
Techniques (Part II) 


Eddy Current Testing in Theory 

By G. O. McClurg, Magnaflux Corp. 
Eddy Current Testing in Practice 

By J. Allen, Oak Ridge National 
Laboratory, Union Carbide Nuclear Co. 
Ultrasonic Testing Pulse Method 

By J. C. Smack, Curtiss-Wright Corp. 
Ultrasonic Testing Resonant Method 

By P. K. Bloch, Branson Instrument Co. 


Grain Boundary Movement in Bicrystalline 
Aluminum 

By R. B. Pond and E. Harrison, 

Johns Hopkins University 

Growth of Cadmium From Vapor 

By J. E. McNutt, E. I. duPont de Nemours 
& Co., and R. F. Mehl, Carnegie Institute 
of Technology 

The Self-Diffusion of Nickel at Grain 
Boundaries 

By W. R. Upthegrove, University of Okla- 
homa, and M. J. Sinnott, University of 
Michigan 

Effects of Oxide Recrystallization on the 


_Oxidation Kinetics of a 62-38 Cu-Ni Alloy 


By J. A. Sartell, S. Bendel, T. L. Johnston 
and C. H. Li, Minneapolis-Honeywell 
Research Center 

Temperature Stresses in the Two-Phase 
Alloy, WC-Co 

By J. Gurland, Brown University 


P.M. Palmer House 


Metallography of Nuclear Materials 


(Arranged by A.E.C. 

Internal Group on ne 
Metallography of Uranium 
By R. F. Dickerson, 
Battelle Memorial Institute 
Metallographic Identification of Inclusions 
in Uranium 
By G. L. Kehl, Columbia aE - Eric 
Mendel and Emilio Jaraiz F., Columbia 
University, and Melvin H. Mueller, Ar- 
gonne National Laboratory 
Preparation and Metallography of Uranium 
Carbides 
By R. J. Gray, C. K. H. DuBose, and W. C. 
Thurber 
Transformation Structures in Uranium- 
Columbium Base Alloys 
By F. C. Holtz and R. J. Van Thyne, 
Armour Research Foundation 
A Physical Metallurgical Study of Thorium- 
Rich Thorium-Uranium Alloys 
By G. G. Bentle, Atomics International 
An Adventure in Metallurgy—Micro- 
Deformation and Fracture in Uranium 
By T. K. Bierlein and R. E. Hueschen, 
General Electric Co., 
Hanford Atomic Products operation 


Sherman Hotel 


Panel Discussion; Group 1; 
Steelmaking & Refining 


Topic: Steelmaking 


Moderator: Howard Turner, 
Jones & Laughlin Steel Corp. 
(a) Oxygen in Steelmaking 
By Harold Emerick, 
Jones & Laughlin Steel Corp. 
(b) Vacuum Melting 
By Otto Winkler, Geratebau-Anstalt Balzers 
(Liechtenstein), and James H. Moore, 
Metal Hydrides, Inc. 
(c) Vacuum Degassing 
By Fritz Harders, Dortmund-Horder 
Huttenunion A.G. (Germany), and 
E. C. Bain, U.S. Steel Corp. 
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i P.M. Sherman Hotel 


Panel Discussion; Group 6; 
Inspection & Testing 


Testing in Product Development 


Co-Moderators: 
H. N. Bogart, Ford Motor Co., and 
G. W. Stickley, Aluminum Co. of Amer. 
(a) Large Components 
By Andrew W. Rankin, General Electric 
Co., and 
Thomas E. Eagan, Cooper-Bessemer Corp. 
(b) Medium Size Components 
By L. J. A. Delay, Sud Aviation (France), 
and D. K. Hanink, Allison Engine Div. 
General Motors Corp. 
(c) Small Components 
By H. Sigwart, Daimler-Benz A.G. 
(Germany ), 
and W. H. Lehmann, Chrysler Corp. 


Sherman Hotel 


Panel Discussion; Group 8; 
Education & Research 


Trends in Metallurgical Research 


Moderator: Clyde L. Williams, 

Battelle Memorial Institute 
(a) Industrial Research 
By Ivor Jenkins, General Electric Co., Ltd. 
(England), and 
E. C. Bain, U.S. Steel Corp. 
(b) Government Research and Government- 
Sponsored Research 
By Julius Harwood, Office of Naval 
Research, and N. P. Allen, National 
Physical Laboratory (England) 
(c) Institutes and Research Consultant 
Groups 
By Bruce Old, Arthur D. Little, Inc., and 
E. A. G. Liddiard, Fulmer Research 
Institute (England ) 
(d) University Research 
By R. F. Mehl, Carnegie Institute of Tech- 
nology, and Hans Nowotny, Technischen 
Hochschule Wien (Austria ) 


By P.M. Palmer House 


Joint Session With @ on 
Powder Metallurgy 


Current Advances in the Science of Powder 
Metallurgy 

By Joseph E. Burke and Harold H. Hirsch, 
General Electric Co. 

Iron Powder From the “H-Iron” Process 
By J. F. Kuzmick, Alan Wood Steel Co. 
Metal Powder to Solid Strip—Status of 
Commercial Production 

By Wm. N. Hayden, Hayden Metals, Inc. 
and John D. Shaw and Walter V. Knopp, 
S-K-C Research Associates 
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P.M. Morrison Hotel 
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Equilibrium Studies 


Delta Phase Field of the U-Zr Diagram 
By J. F. Duffey and C. A. Bruch, General 
Electric Co. 

Constitution of the Uranium-Rich U-Cb and 
U-Cb-Zr Systems 

By A. E. Dwight and M. H. Mueller, 
Argonne National Laboratory 

Nature of the Ni-Cr System 

By R. O. Williams, Cincinnati Milling 
Machine Co. 

Activity Measurements in the Fe-Cr System 
By C. L. McCabe, R. G. Hudson and 
H. W. Paxton, 

Carnegie Institute of Technology 

A Thermodynamic Study of Liquid Pb-Zn 
Solutions 

By F. D. Rosenthal and G. J. Mills, 
California Institute of Technology, and 
F. J. Dunkerley, Rolle Mfg. Co. 

Solid Solubility of Uranium in Thorium 
and the Allotropic Transformation of U-Th 
Alloys 

By W. B. Wilson, A. E. Austin and C. M. 
Schwartz, Battelle Memorial Institute 
Liquid Miscibility Gap in the Quaternary 
System Fe-Cu-S-C at 1450° C, 

By D. L. Douglass, Ohio State University 
Uranium-Columbium Alloy Diagram 

By B. A Rogers, D. F. Atkins, E. J. Man- 


thos and M. E. Kirkpatrick, lowa State 
College 
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bO P.M. Morrison Hotel 


Research Summaries 


(Transformations and Alloys) 


Growth of Pearlite 

By L. S. Darken, R. M. Fisher and J. M. 
Galligan, United States Steel Corp. 

Effect of Applied Tensile Stress on Phase 
Transformations in Steel 

By L. F. Porter, U.S. Steel Corp., and P. C. 
Rosenthal, University of Wisconsin 

Nature and Kinetics of Precipitation in a 
16% V, 2.5% Al Titanium Alloy 

By E. L. Harmon, Electro Metallurgical 


Co., Div. cf Union Carbide Corp., and 
A. R. Troiano, Case Institute of Technology 
Diffusion of Heat and Mass in Growth of 
Precipitates From Supersaturated Solutions 
By C. M. Adams, Jr., Massachusetts Insti- 
tute of Technology 

Abnormal Grain Growth in High-Purity, 
Extruded Magnesium 

By F. D. Rosenthal and G. J. Mills, Jet 
Propulsion Laboratory, California Institute 
of Technology 


A Contribution to the Phase Diagram of 
Silver-Copper-Cadmium 

By K M. Weigert, Curtiss-Wright Corp. 
Heat Treatment, Transformation Reactions, 
and Mechanical Properties of Some High- 
Strength Zirconium-Base Alloys 

By H. A. Robinson, J. F. Doig, M. W. Mote 
and P. D. Frost, 

Battelle Memorial Institute 


Solid Solubility of Carbon in Copper-Nickel 
Alloys 
By M. E. Nicholson, Univ. of Minnesota 


Solubility of Hydrogen in the 50 Weight 
Per Cent Uranium-Zirconium Alloy 

By E. A. Gulbransen, K. F. Andrew and 
R. J. Ruka, Westinghouse Electric Corp. 


Thermal Fatigue of Ductile Materials— 
I. Effect of Test Conditions on the Thermal 
Fatigue Life of S-816 and Inconel 550 
By F. J. Clauss, Lewis Flight Propulsion 
Laboratory, and J. W. Freeman, 

University of Michigan 

Thermal Fatigue of Ductile Materials—Il. 
Effect of Cyclic Thermal Stressing on the 
Stress-Rupture Life and Ductility of S-816 
and Inconel 550 

By F. J. Clauss, Lewis Flight Propulsion 
Laboratory, and J. W. Freeman, 

University of Michigan 


P.M. Palmer House 


Annual Banquet and Entertainment 


(2 
| 


\ | P.M. Younker’s Restaurant 


Social Hour and Dinner 


Speaker: Herman Henkle, 
John Crerar Library 
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Panel Discussion; Group 1; 
Steelmaking & Refining 


Solidification of Steel 


Moderator: Charles W. Sherman, 

Jones & Laughlin Steel Corp. 

(a) Ingot Technology 

By Bernhard Matuschka, Schoeller- 
Bleckmann Steel Works (Austria), and 
G. A. Dornin, Jr., Consulting Engineer 
(b) Controlled Nucleation 

By J. L. Walker, General Electric Co. 

(c) Continuous Casting 

By Karl G. Speith, Mannesmann-Hutten- 
werke A.G. (Germany), and Robert Clark, 
Atlas Steels Ltd., Canada 


Sherman Hotel 


Panel Discussion; Group 6; 
Inspection & Testing 


Testing for Quality Control After 
Product Development 


Co-Moderators: 

R. F. Thomson, General Motors Corp., 
and T. E. Piper, General Dynamics Corp. 
(a) Wrought Semi-Finished Product 

By R. S. Pratt, Bridgeport Brass Co., J. W. 
Hood, Aluminum Co. of America, and 
W. H. Mayo, U.S. Steel Corp. 

(b) Cast Semi-Finished Product 

By A. Karam, General Motors Corp. 

(c) Automotive Components 

By W. H. Grundeman, Chrysler Corp. 

(d) Aircraft Components 

By R. A. Day, Blackburn & General 
Aircraft, Ltd. (England), and 

B. R. Swarts, General Dynamics Corp. 


) A.M. Morrison Hotel 


International Participation 
Conference 


Development of Standardized 
Techniques in Nondestructive 
Testing 
Keynote Speakers: 
Richard Seifert, R. Seifert & Co. 
Prof. Oscar Masi, 
Fiat-Division Siderurgique (Italy) 
R. B. Oliver, 
Oak Ridge National Laboratory 
Invited Discussors: 
Werner Felix, 
Sulzer Bros. Ltd. (Switzerland) 
Donald C. Erdman, Metrol, Inc. 


—— 
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\ A.M. International Harvester Co. 


(Central School) 
International Aspects of 


Metallurgical Literature Classification 


Special Library and Information Services in 
England 

By Anthony Post, 

Iron & Steel Institute (Loadon ) 

Activities and Functions of French Docu- 
mentation Center 

By Marc Aliard and Max Dupont, Centre 
de Documentation Siderurgique (France ) 
Bibliographic Services in the Aluminum 
Industry 

By Ernst A. Bloch, 

Aluminium-Industrie A.G., Switzerland. 
Importance of Documentation 

By Frank T. Sisco, 
Engineering Foundation 
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M. Saddle & Sirloin Club, 
Chicago Stock Yards 


Distinguished Service Luncheon 


For 25-Year @ Members and 
Invited Students 


OND P.M. Morrison Hotel 


International Participation 
Conference 


Development of Standardized 
Techniques in Nondestructive 
Testing 


(Continued from Morning) 


Visits to Selected Special Libraries 


-M. Enrico Fermi Institute, 
University of Chicago 


15th Anniversary of 
First Sustained Chain Reaction 


Presentation of 
Commemorative Plaque 


6:00 P.M. International Amphitheater 


39th Annual 
Metal Exposition Closes 


7:60 P.M. Palmer House 
Farewell Banquet 
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Exhibitor Listing 


A. I. T. Diamond Tool Co., Inc. 1714 
Abrasive wheels, plunge grind- 
ing. 


Aaron Machinery Co., Inc. 1505 
Grinders, boring, drilling and 
milling machines. 


Abrading Systems Co. 1384 
Automatic flat lapping ma- 
chines. 


Acheson Colloids Co. 112 
Lubricants, solid and liquid; 
glass dispersions. 


Acme Steel Co. 441 
Metal stitchers and steel strap- 
ping. 


Ajax Electric Co., Inc. 1406 
Salt bath furnace equipment. 


Ajax Electrothermic Corp. 1406 
High-frequency induction fur- 
naces. 


Ajax Engineering Corp. 1406 
Low-frequency induction melt- 
ing furnaces. 


Ajusto Equipment Co. 1498 
Workman's chairs and stools. 


Alan and Associates, Mark 1388 
See Cooke, Troughton & Sims, 
Ltd. 


Al-Fin Div., Fairchild Engine 
& Airplane Corp. 915 
Cast aluminum and magnesium 
bonded bimetallic components. 


Allegheny Ludlum Steel Corp. 648 
Heat and corrosion resistant al- 
loys, tool and die steels and ce- 
mented carbides. 


Allis-Chalmers Mfg. Co., 
Buda Division 935 
Fork lift truck. 


Allison Div., American Chain 
& Cable Co., Inc. 1849 
Abrasive cutting wheels. 


Alloy Engineering & 
Casting Co. 442 
Heat and corrosion resistant 
castings. 


Aloris Tool Co., Inc. 1589 
Tool posts and holders. 


American Breke Shoe Co. 336 
See Electro-Alloys Division; also 
Light Metals Dept. 

American Cast Iron Pipe Co. 1376 
Centrifugal castings. 
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American Chain & Cable 
Ine. 953, 1849 
See Allison Div., Campbell Ma- 
chine Div. and Wilson Mechani- 
cal Instrument Div. 


American Chemical Paint Co. 201 
Metal cleaning and finishing 
compounds, rust preventives, 
drawing compounds. 


American Cyanamid Co. 1815 
Heat treating compounds and 
metallurgical additives. 


American Cystoscope Makers, 
ne. 1764 
Borescopes and optical flats. 
American Gas Association 718-754 
Industrial gas furnaces, ovens 
and burners. 


American Gas Furnace Co. 726 
Automatic heat treating equip- 
ment. 


American Herforder Corp. 1667 
See also Metal Removal Co. 


American Machine & 


Metals, Inc. 820 

See Riehle Testing Machine Div. 
American Machinist 109 
American Metal Market Co. 1668 


American Metal Market and 
Metal Statistics. 


American Optical Co. 1047 
Metallographic equipment. 


American Positive Grip 


Vise Corp. 1581 
Ampogrip holding fixtures. 
American Pullmax Co., Inc. 1065 


Universal shearing and forming 
machines. 


American Silver Co., Inc. 815 
Very thin, close-tolerance metal 
strip. 


Ampco Metal, Inc. 1768 
Cast, rolled and wrought bronzes, 
particularly aluminum bronze, 
arc welding electrodes and other 
products. 


ectronic tubes for industrial 
applications. 


Amplex Div., Chrysler Corp. 1663 
Self-lubricating bearings and 
special parts made by powder 
metallurgy. 


Applied Research Laboratories 1239 
Spectrographic equipment. 

Areair Co. 1271 
Torches and electrodes for arc 
gouging and cutting. 


Areweld Mfg. Co. 1019 
High-temperature testing equip- 
ment, creep testing. 


Aro Spot Welder Div. 1692 
See Guthery Machine Tool Corp. 
Associated Spring Corp. 1535 


Springs, wire forms, small 
stampings. 


Atlantic Machine Tool Works 1549 
Jig borer. 


Atlas Mineral Products Co. 1784 
Corrosion resistant cements and 
plastics. 


Atlas Press Co., Clausing Div. 1350 
Machine tocls, lathes, drill 
presses, millers and shapers. 


Atomic Energy Commission, 
Industrial Information Branch 


Audubon Wire Cloth Corp. 215 
Corrosion and heat resistant 
conveyer belts. 


Automation Instruments, Inc. 153 
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Babeock & Wilcox Co., 
Tubular Products Div. 628 
Tubular products and extrusions. 


Baird-Atomic, Inc. 265 
Spectrometers and accessories, 
carbon and sulphur analyzers. 


Baker & Co., Inc. 119 
Electrical contacts and contact 
material, precious metal parts 
and cladding, Nitroneal genera- 
tor. 


Balerank Ine. 
Paint pumping 


1895 


Baldwin-Lima-Hamilton Corp. 
Sr-4 devices and equipment, 
testing equipment. 

Balteau Electric Corp. 1 
Portable industrial X-ray units. 


Banner Welder, Inc. 125 
Resistance welding equipment. 


1258 


Barber-Colman Co., 
Wheelco Instruments Div. 941 
Recorders and controllers with 
combustion safeguards. 


Barer Engineering & Machinery 
Co., Ltd. 502 
Lathes, drill presses, shapers and 
grinders. 


Barry Controls, Inc. 
Machinery mounts and noise 
control equipment. 


1294 


Battelle Memorial Institute 
See Cobalt Information Center. 


Bausch & Lomb Optical Co. 
Metallographic equipment. 


Bean & Co., Morris 415 
Antioch process aluminum cast- 
ings, ductile iron castings. 


1314 


1054 


Bede Products Cor 
Airless spray coat: ting equipment. 


Bedford Gear & Machine 
Products, Inc. 129 
Precision gears and spline shafts, 
tool and gages. 


Bendix Aviation Corp. 1481 


See Friez Instrument Div. 


Beryllium Corp. 
Beryllium-copper alloys and pure 
beryllium. 


Big Joe Mfg. Co. 136 
Special die handling trucks, lift 
trucks. 


Binks Mfg. Co. 
Paint spraying equipment. 


1688 


1629 


Bjorksten Research Laboratories 
for Industry, Ine. 
Chemical laboratory develop- 
ments. 


Black & Decker Mfg. Co. 
Drills, grinders, small _ tools, 
hand tools, industrial vacuum 
cleaners. 


Black Drill Co., Ine. 419 
Drills for hardened steel. 


Blakeslee & Co., G. S. 
Cleaning equipment. 


Bradley Washfountain Co. 1597 
Group washing equipment, drink- 
ing fountains. 


1277 


Branson Instruments, Inc. 
Branson Ultrasonic Corp. 
Ultrasonic generators and thick- 
ness gages. 


1854 


Brinkman Instruments, Inc. 835 
Dilatometers, balances, micro- 
scopes, metallographs. 


British Industries Corp. 1679 
Die casting machines and Shaw 
process. 


Bruning Co., Inc., Charles 1405 
Drafting machines and tables. 


Brush Beryllium Co. 148 
Beryllium and beryllium alloys. 
Buck Mfg. Co. 


Magnetic drill presses and 
clamping equipment. 


Buck Tool Co. 1036 
Universal chucks, power chucks, 
boring bars. 


Buda Div. 935 
See Allis Chalmers Mfg. Co. 


Budd Co. 


Gamma radiation sources for 
industrial radiography. 


Buehler Ltd. 
Equipment for preparation of 
metallographic specimens, mi- 
croscopes and metallographs. 


Cc 


Installment service for buyers 
and sellers of machinery. 


1389 


1715 


1741 


Cam-Lok Div., 
Empire Products, Inc. 
Waterproof connectors and 
molding kits. 


Campbell Machine Div., American 
Chain & Cable Co. 
Wet and dry abrasive cutting 
machines. 


1337 


Carlingo Commodities Corp. 1360 
Flame hardening equipment, 


pyrometers. 


Carlson, Ine., C. R. 175 
See FAC Division of Overseas 
Commodex Corp. 


Carter Controls, Inc. 
Air and hydraulic cylinders, 
valves and rotary actuators. 


Casting Engineers, Inc. 
Division of Consolidated 
Foundries & Mfg. Corp. 

Precision investment castings. 


1746 


Center for Documentation and 
Communication Research, 
Western Reserve University 

Literature searching equipment 
and techniques. 


Chainveyer Cor 1 
Conveyers ondi material handling 
equipment. 


Challenge Machinery Co. 
Toolroom equipment, floor plates 
and layout tables. 


Chicago Bridge & Iron Co. 1519 
Steel tanks for oil, liquid and 
gas. 


Chicago Foundry Co. 


Chicago Powdered Metal 
Products Co, 
Powdered metal parts. 


Chicago Rivet & Machine Co. 
Tubular rivets and automatic 
rivet setting machines. 


Chicago Supply & Tool Co. 
Machine tools, band saws, mill- 
ing machines and shears. 


826 


1059 


1689 


1883 


1835 


1456 
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Chilton Co. 
Iron Age, Automotive Industries. 


Chrysler Corp. 1663 


See Amplex Div. 


Cincinnati Milling Machine Co., 
Process Machinery Div. 
High-frequency induction heat- 
ing machine, Flamatic harden- 

ing machine. 


1798 


Cincinnati Sub-Zero Products 1583 
Production chilling machines, 
low-temperature testing equip- 
ment. 

Circo Equipment Co. 1582 

Spray washer, vapor degreaser 

and ultrasonic metal cleaning 

equipment. 


Clark Co., Robert H. 
Small tools. 
Clausing Div. 
See Atlas Press Co. 


Clementina Ltd. 
Blast cleaning equipment. 


Cleveland Grinding Machine 
Sales, Ine. 
Grinding equipment and 
accessories. 


Cleveland Metal Abrasive Co. 831 
Cleaning and peening shot and 
grit. 

Climax Molybdenum Co. 

Molybdenum as base and 
alloying element. 


Coated Coil Cor 


See Enamelstrip Corp. 


Cobalt Information Center, 
Battelle Memorial Institute 1314 
Cobalt samples, information 
about cobalt. 


Cold Metal Products Co. 
See Jones & Laughlin Steel 
Corp., Strip Steel Div. 


1127 


Collins Microflat Co. 1880 


Black granite surface plates. 


Commander Mfg. Co. 
Multiple drill and tapping 
heads. 


Commercial Shearing & 
Stamping Co., Ine. 
Hydra-jet desca!ers. 


Consolidated Electrodynamics 
Corp. 
Vacuum melting furnaces, gages, 
valves, pumps and instruments. 


Consolidated Foundries & 
Mfg. Corp. 
See Casting Engineers, Inc. 


1746 


Continental Industrial 
Engineers, Inc. 738 
Heat treating equipment. 


Cooke, Troughton & Sims, Ltd. 1388 
Metallurgical microscopes. 


Cooper Metallurgical Associates 1579 
Pure boron, boron alloys and 
borides. 


Copper & Brass Research Assoc. 1670 
Copper and copper alloy parts 
and components, shapes and 
forms. 


Copperweld Steel Co., Steel Div. 526 
Standard and leaded alloy and 
carbon steel, speciality steel. 
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Crane Packing Co. 1240 
Lapping machines and mechan- 
ical packing. 


Curtiss-Wright Corp., Industrial 
and Scientific Div. 
Ultrasonic equipment; forgings, 
extrusions and castings. 


Cushman & Denison Mfg. Co., 
Inc. 1887 
Cado marker. 


Cycledynamics, Ine. 1593 
Electromagnetic power transmis- 


sion components. 


Dake Corp. 
Arbor, hydraulic shop and 
guided platen presses. 


Daubert Chemical Co. 


De Sanno & Son, Inc., A. P. 
Abrasive cutoff machines and 
grinding wheels. 


Designers Metal Corp. 
Expanded metal and expanded 
metal products. 


Detrex Chemical Industries, Inc. 1316 
Cleaning and finishing com- 
pounds and equipment. 


1756 


Detroit Testing Machine Co. 
Hardness, tensile and ductility 
testers. 


DeVilbiss Co. 
Spray painting machines, paint 
heating equipment. 


DeWalt, Inc. 
Radial arm metal cutting ma- 
chinery; dynamic power brakes. 


DeZurik Cor 
Eccentric valve, on-off and 
positioning type air operated for 
automatic control application. 


1708 


1285 


1792 


Disston Div., Henry, 
H. K. Porter Co., Inc. 
Metalworking saws. 


1863 


Diversey Corp. 
Cleaning and phosphating 
chemicals. 


DoAll Co. 
Sawing machines, grinders, cut- 
ting tools, inspection equipment. 


Doehler-Jarvis Div., 
National Lead Co. 
Die castings. 


Dow Chemical Co. 
Magnesium products, cleaning 
solvents. 


Driver Co., Wilbur B. 
Vacuum melted alloys and wire, 
strip and rod forms. 


Drop Forging Assoc. 1491 


Drop forgings. 


Dry Clime Lamp Corp. 1755 


Infrared ovens. 

DuBois Co., Inc, 
Cleaning and processing com- 
pounds. 


1393 


Dumore Co. 
Automatic drill heads and units, 
grinders, flexible shaft tools. 


Du Pont de Nemours & Co., 
Inc., E. 1. 
Vapor degreasing, industrial 
rivets. 


Easco Products Div., Electro 
Are Mfg. Co. 126 
Metal disintegrators and 
conversion units. 


Eastman Kodak Co. 
Industrial X-ray film. 


1429 


Eclipse Fuel Engineering Co. 735 
Controlled atmospheric heat 
treating furnaces, gas genera- 
tors, valves and burners. 


Electric Furnace Co. 1135 
Industrial heat processing 


furnaces. 


Electro-Alloys Div., American 
Brake Shoe Co. 
Heat resisting castings, conveyor 
belts and furnace parts. 


Electro Are Mfg. Co. 
See Easco Products Div. 


Electro toy Div., General 
Dynamics ( 
Variable sp drives, electric 
motors. 


1484 


Electromark Corp. 
Metal marking process. 


Electro Metallurgical Co. 
Titanium; Cr-Ni-Mn stainless 
steels. 


Elox Corp. of Michigan 
Precision electrical discharge 
machine, electronic grinders. 


Empire Products, Inc. 
See Cam-Lok Div. 


Enamelstrip Corp. 
Precoa in coils. 


Engis Equipment Co. 
Precision tooling and measure- 
ment instruments. 


Ettco Tool & Machine Co., Inc. 
Chucks, tapping attachments and 
machines, indexing fixtures. 


Everite Machine Products Co. 
Electrochemical grinders. 


1480 


Exomet, Ine. 1697 
Exothermic products and custom 
alloys. 


F 


Fabristeel Products, Inc. 12 
Clinch nuts and diversified fas- 
teners. 


FAC Division of Overseas 
Commodex Corp. 
Universal construction kit for 
making models of machine tools, 
automation devices, laboratory 
equipment. 


Fahralloy Co. 
Alloy castings. 


Fairchild Engine and Airplane 
Corp. 
See Al-Fin Div. 
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Fansteel Metallurgical Corp. 1615 


Nonferrous centrifugal, perma- 
nent mold, and sand castings, 
high-density metal, acid-proof 
metal, electrical contacts. 


Fawick Airflex Div., Fawick Corp. 855 
Punch press, clutches, brakes 
and controls. 


Fenn Mfg. Co. 1250 
Combination two-high, four- 
high rolling mill. 


Fenway Machine Co., Inc. 126 
Portable metal cutting tools. 


Ferner Co., Inc., R. Y. 13 
Microscopes and metallographic 
equipment. 


Firth Sterling, Inc. 1450 
Tool and die steels, high speed 
steels, high-temperature alloys, 
carbide tools. 


Flick-Reedy Corp. 1660 


Foxboro Co. 1769 
Temperature, pressure and proc- 
ess control equipment, flow 
meters. 


Friez Instrument Div., Bendix 
Aviation Corp. 1481 
Fluoroscopic image intensifier 
for X-ray and betatron work. 


G 


Gaertner Scientific Corp. 1550 
Toolmakers microscopes, com- 
parators, scientific equipment. 


Garvin Brothers, Inc. 1282 
Power torque tools for driving 
fasteners, precision products. 


Gas Appliance Service, Inc. 754 
Gas-fired heating equipment. 


General Alloys Co. 548 
Heat resisting and stainless steel 
castings and furnace parts. 


General Dynamics Corp. 1642 
See Electro Dynamic Div. 


General Electric Co., 
Apparatus Sales Div. 1468 
Arc welders and electrodes, re- 
cording and measuring instru- 
ments for the process industries, 
laboratory furnaces, induction 
motors. 


General Electric Co., Metallur- 
gical Products Dept. 1368 
Carboloy cemented carbide and 
cemented oxide tool materials. 


General Fireproofing Co. 435 
Drafting desks and tables, office 
furniture. 


General Ultrasonics Co. 1219 
Ultrasonic generators. 


Getchell Steel Treating Co., Inc. 1687 
Commercial heat treating serv- 
ice. 


Goldsmith Bros. Smelting 
& Refining Co. 
Silver brazing alloys and fluxes, 
precious metals for plating. 


Goodrich Aviation Products, B. F. 347 
Rivnuts. 
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Gray Co., Ine. 242 
Paint spray equipment, pumps. 
Grede Foundries, Inc. 1637 


Ductile iron, shell molding, iron 
and steel castings. 


Gregory Industries, Inc. 1476 
See Nelson Stud Welding Div. 
Gries Reproducer Corp. 1343 


Die castings and hardness testers. 


Grotnes Machine Works, Inc. 1592 
Hydraulic expanders, forming 
and sizing machines, machine 
parts. 


Gulf Oil Corp. 320 
Oils and lubricants for the metal 
industry. 


Guthery Machine Tool Corp. 1692 
Machine tools and attachments, 
portable spot welders. 


Hacker & Co., Inc., William J. 1254 
Metallographic equipment. 


Hammond Machinery 
Builders, Inc. 1311 
Grinding machines. 


Handy & Harman 
Silver brazing alloys, contact al- 
loys, anodes. 


Harmon & Co. 1587 
See Commercial Shearing and 
Stamping Co., Inc. 


Harper Co., H. M. 1683 
Extruded shapes and carbon, al- 
loy and stainless steel and tita- 
nium, fastenings. 


Harper Electric Furnace Corp. 1683 
Electric sintering and brazing 
furnaces. 


Harris Refrigeration Co. 1411 
Low-temperature industrial 
chilling units. 


Hastings Raydist Inc. 
Vacuum, pressure, velocity and 
flow measuring instruments. 


Hauck Mfg. Co, 947 
Oil and gas burners, mixers, 
valves. 


Hayes, Inc., C. I. 1306 
Heat treating furnaces, gas 
burners and generators. 


Haynes Stellite Co. 539 
Heat and corrosion resistant al- 
loys, investment castings, hard 
facing materials and cutting 
tools. 


Heintz Mfg. Co. 1875 
Cold formed components, chem- 
ical surface treatment. 


Heli-Coil Corp. 216 
Screw thread inserts. 
Hevi-Duty Electric Co. 1819 


Heat treating equipment. 


High Vacuum Equipment Corp. 1377 
Laboratory vacuum furnaces, 
vacuum gage controls, diffusion 
pumps. 


High Voltage Engineering Corp. 325 
X-ray generators and particle 
accelerators. 


Hitchiner Mfg. Co., Inc. 319 
Precision investment castings. 
Hobart Brothers Co. 1251 


Electric arc welders; welding 
supplies and equipment. 


Holeroft & Co. 819 
Industrial furnaces and gas gen- 
erators. 


Hones, Inc., Charles A. 742 
Industrial gas burners. 
Houghton & Co., E. F. 1018 


Compounds for drawing, cutting 
and surface treatment of metals. 


Howard Foundry Co. 
Aircraft and commercial quality 
castings. 


Illinois Metal Products 1680 
Vises and fixtures. 


Illinois Testing Laboratories, 
ne. 1353 
Temperature, air and dew point 
measuring and controlling in- 
struments. 


Induction Heating Corp. 1207 
Induction heat generators and 
hardening machines. 


Industrial Heating 1441 


Industrial Heating Equipment 

Co. 1558 
Furnaces for metal treating in- 
dustry. 


Industrial Nucleonics Corp. 1274 
Foil mill measurement system, 
equipment packaging, central 
station process analyzer and au- 
tomatic data read-out system. 


Industrial Press 1361 
Machinery; trade papers and 
engineering books. 


Industrial Publishing Corp. 1780 
Industry and Welding, Precision 
Metal Molding, Welding Illus- 
trated. 


Industrial Tectonics, Inc. 1121 
Special alloy bearings and balls. 
Instron Engineering Corp. 1750 


Mechanical, universal and creep 
testing equipment. 


Intercontinental Electronics 
Corp. 110 


International Nickel Co., Inc. 542 
Nickel and nickel alloys and 
products. 


Ionie Electrostatic Corp. 301 
Paint spraying equipment. 
Ipsen Industries, Inc. 1606 


Heat treating furnaces, produc- 
tion automation equipment, ac- 
cessories for atmosphere, dew 
point and carbon potential con- 
trol. 


Janney Cylinder Co. 1836 
Centrifugal castings and ma- 
chined products. 
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Jarrell-Ash Co. 
Spectrometers and spectrographs 


1830 


Jiffy Disintegrators, Inc. 
Disintegrator machines for re- 
moving broken taps. 


Johansson Co., I. O. 928 
Drilling machines. 


Johnson & Son, Inc., S. C. 
Cutting and drawing fluids. 


Jomac Inc. 
Gloves and protective clothing. 


Jones & Laughlin Steel Corp., 
Strip Steel Div. 1127 
Precision cold rolled strip steel. 


Kanthal Comp. 
Heating elements and electric 
resistance alloys. 


Kemp Mfg. Co., C. M. 727 
Industrial gas combustion equip- 
ment, atmosphere equipment. 
equipment. 


1575 


1530 


Kennametal Inc. 
Tungsten and titanium carbide, 
columbium and tantalum. 


Keokuk Steel Casting Co. 
Steel castings. 


Kerns Co., L. R. 235 
Drawing, cutting, grinding and 
forging compounds. 


1396 


King Tester Corp. 924 
Brinell testing machines and 
microscopes. 


Kinney Mfg. Div., 
New York Air Brake Co. 
Vacuum equipment. 


1459 


Kirksite Tool & Engineering Div. 1506 
See National Lead Co. 


Knight Models, Inc. 1650 
Three-dimensional model of 
metalworking plant. 


Koehring Co. 1336 


Koleast Industries Inc. 1326 


Investment castings and vacuum 
parts in high-temperature alloys. 


Korhumel Steel & Aluminum Co. 226 
Warehouse facilities for alumi- 
num and steel products. 

Kux Machine Co. 1659 

Die-casting machines and pow- 

dered metal presses. 


L 


L & L Mfg. Co. 
Electric kilns. 


Laboratory ipment Corp. 
Carbon and sulphur analyzers, 
chemical laboratory equipment. 


Lake Chemical Co. 1443 
Paint sticks and protective coat- 
ings, fluxes. 


1284 
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Admission to Metal Exposition 


Badges or membership cards for the cooperating societies listed on 
p- 66 will admit members to the Exposition at no charge. Visitors 
with Metal Show invitations from exhibitors will be issued a badge 
at no charge. Others will be charged a registration fee of $1.00. 


Hours of the Exposition 


Mon., Tues. & Wed., Nov. 4, 5 and 6—12 noon to 10:30 p.m. 
Thurs. and Fri., Nov. 7 and 8—10:00 a.m. to 6:00 p.m. 


Lee Co., K. O. 1397 
Grinding machines and acces- 
sories. 


Leeds & Northrup Co. 865 
Heat treating (Homocarb) fur- 
naces, temperature measuring 
and control instruments, gas an- 
alyzers. 


LeFiell Mfg. Co. 114 
Tubular metal parts and fabri- 
cated parts for aircraft. 


Leitz, Inc., E. 1231 
Microscopes and accessories. 
Lempco Industrial, Inc. 1740 
Grinders and die sets. 
Lepel High Frequency 
Laboratories, Inc. 1848 


Induction heating equipment. 


Lewis Machine Co. 141 
Wire straightening and cutting 
machine. 


Light Metals Dept., American 
Brake Shoe Co. 336 
High-strength aluminum cast- 
ings for aircraft. 


Lindberg Engineering Co. 620 
Welding equipment and supplies. 
Linde Co. 539 


Oxy-acetylene welding and cut- 
ting, flame plating. 


Link Engineering Co. 428 
Testing equipment, tools and fix- 
tures. 


Lobeck Casting Processes Inc. 
Billet and slab casting machines 
and rolls. 


Loma Machine Mfg. Co., Inc. 


1649 


1649 


Rolling mills, extrusion and 
forming presses, cut-off saws. 
Lufkin Rule Co. 1807 


Precision tools, measuring tapes 
and rules. 


Lynchburg Foundry Co. 920 
Ductile and gray iron castings. 


M. B. I. _~ and Import Ltd. 316 
Horizont optical jig borers, 
precision tools and accessories. 


Magnafiux Corp. 1153 
Magnaflux and Zyglo nonde- 
structive inspection materials. 


Magnetic Analysis Corp. 948 
Magnetic analysis equipment. 


Magnetic Tool Corp. 1718 
Magnetic welding fixtures and 


tools. 


Malayan Tin Bureau 341 
Applications of tin in industry. 


Mallory-Sharon Titanium Corp. 
See Reactive Metals, Inc. 


Man-Au-Cycle Corp. of America 1557 
Lathes and other machine tools. 


Manco Mfg. Co, 847 
Billet shears, rod cutters, tube 
cutters. 


1525 


Manufacturers Processing Co. 1844 
Vibrating degreasers. 

Markal Co 1443 
See Lake Chemical Co. 

Martindale Electric Co. 1292 


Electrical etchers, circular saws, 
precision electrical tools and 
equipment. 


Maserati Corp. of America 1605 
Machine tools. 
Mead Specialties Co. 1640 


Air cylinders, air valves, air- 
operated devices. 


Melray Mfg. Co. 
Close-tolerance stampings for 
precision parts and scientific in- 
struments. 


1857 


Metal Finishing Service 1492 
Shot peening and blasting equip- 
ment. 
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Metal Lubricants Co. 1788 
Cutting fluids, drawing com- 
pounds, quenching fluids, greas- 
es and oils. 


Metal Powder Association 619 
Powder metallurgy applications. 


Metal Progress 


Metal Removal Co. 1667 
All-purpose abrasive. 
Metallizing Co. of America 1868 


Metallizing equipment. 


Metallizing Engineering Co., 
ne. 1760 
Spray metallizing guns and wire. 


Metallurgical Products Dept. 1368 
See General Electric Co. 

Metals Engineering Institute 
Home study and in-plant train- 
ing courses. 


Metals Review 


Metalwash Machinery Corp. 734 
Metal Cleaning equipment. 
Metalworking Publishing Co., 

ne. 1891 
Metalworking 
Met-L-Chek Co. 1395 
Flaw-finder and dye penetrant. 


Michigan-Standard Alloy 
Casting Co. 1446 
Alloy castings. 


Micrometrical Mfg. Co. 1227 
Profilometer and other surface 
control equipment. 


Milband Div. 1545 
4g Henry G. Thompson & Son 
0. 


Miller Fluid Power Div., 


Flick-Reedy Corp. 1660 
Minneapolis-Honeywell Regulator 
Co., Industrial Div. 1042 


Industrial motors, recorders, con- 
trollers, pyrometers. 


Minnesota Mining and Mfg. Co. 1212 
Heat sealable films, pressure sen- 
sitive tapes, tape dispensers. 


Mitchell Radiation Products 


Corp. 1385 
Industrial X-ray units, isotope 
handling equipment, X-ray ac- 
cessories. 


Mitts & Merrill Corp. 14 
Cutting machines. 
Modernair Corp. 1879 


Fluid power devices, air and hy- 
draulic cylinders. 


Monarch Tools, Inc. 1682 


Morehouse Machine Co. 1382 
Tools and testing machines. 


NRC Equipment Corp. 1426 
Vacuum induction and are fur- 
naces, vacuum metallizing equip- 
ment, gas analyzers. 


National Carbon Co. 539 
Carbon and graphite products. 


National Distillers and Chemical 
Cor 


p- 
See U. S. Industrial Chemicals 
Co. 


National Lead Co. 1506 
See Doehler-Jarvis Division. 
National Lead Co., Kirksite 
Tool & Stamping Dept. 1506 
Metal-forming dies and punches. 


National Malleable and Steel 


Castings Co. 1735 
Malleable iron and steel castings. 
National Metal Abrasive Co. 1289 


Abrasive shot and grit. 
National Plating & Processing 


Co. 1295 
Metal finishing service. 
National Research Corp. 1426 


See NRC Equipment Corp. 


National-Standard Co., Wagner 
Litho Machinery Div. 1745 
Electroplating process, fine spe- 
ciality wires and wire products, 
cold rolled speciality strip. 


National-U. S. Radiator Corp. 625 
See Plastic Metals Division. 


National X-Ray Products Corp. 1872 
X-ray accessories, film dryer. 


Nelson Stud Welding Div. of 
Gregory Industries, Inc. 1476 
Stud welding equipment. 


New Hermes Engraving 
Machine Corp. 1339 
Portable and bench-type engrav- 
ing machine for panels, dials, 
name plates. 


New York Air Brake Co. 1459 
See Kinney Mfg. Div. 


North American Philips Co., Inc. 1630 
See Philips Electronics, Inc. 


North American-Viking 
Drill Co. 1335 
High speed and carbon steel tap 
and twist drill sets. 


Nuclear Systems Div. 1715 
See Budd Co. 
Oakite Products, Inc. 247 


Materials and equipment for 
cleaning, finishing, machining 
and grinding. 


Ohio Crankshaft Co., 
Tocco Division 236 
Induction heating equipment. 


Ohio Seamless Tube Div. of 
Copperweld Steel Co. 526 
Seamless and electric resistance 
welded steel tubing, fabricated 
tubular parts. 


Oil-Dyne, Inc. 219 
Hydraulic pumps, cylinders, other 
units. 


Olsen Testing Machine Co., 


Tinius 1346 
Testing machines. 
Opplem Co., Inc. 1288 


icroscopes and metallographs, 
hardness testing. 


Opto-Metric Tools, Inc. 1223 
Optical measuring tools. 
Oregon Metallurgical Corp. 430 


Vacuum melting furnaces, tita- 
nium and zirconium ingots and 
castings. 
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Osborn Mfg. Co. 1330 
Brushmatic machines and indus- 
trial brushes. 


Overseas Commodex Corp. 1754 
See FAC Division. 


Pacific Industrial Mfg. Co. 1576 
Hydraulic press brakes and plate 
shears. 


Pangborn Corp. 1263 
Blast cleaning equipment. 
Pantex Mfg. Corp. 1598 


Steam-spray painting equipment 
and steam-jet cleaners, process 
heaters. 


Park Chemical Co. 637 
Heat treating materials, protec- 
tive coatings and cutting and 
grinding fluids. 


Parker Co., Charles 841 
Machinists vises. 


Patterson Machine Co., G. C. 1522 
Wire straightening and cut-off 
machines. 

Pedrick Tool & Machine Co. 1853 
Bending machines. 


Penn Precision Products, Inc. 120 
Thin-gage rolled metals. 
Penton Publishing Co. 1028 


Steel, Machine Design, Foundry, 
Automation and New Equipment 
Digest. 


Perkins Machine Co. 1811 
Power presses. 
Petersen Oven Co. 1291 


See Stramen Furnace & En- 
gineering Div. 


Philips Electronics, Inc. 1630 
Industrial radiographic equip- 
ment, spectrographic equipment, 
X-ray diffraction unit, accesso- 
ries. 


Phillips Mfg. Co. 825 
Metal cleaning equipment. 

Picker X-Ray Corp. 959 
Industrial X-ray equipment. 

Pines Engineering Co., Inc. 1675 


Tube fabricating equipment. 


Pioneer Aluminum, Inc. 1506 
Aluminum tooling plates and 
chucks. 


Plastic Metals Div., National- 


U. S. Radiator Corp. 625 
Metal powders. 
Plew Tool Co., Ine. 315 
See Weatherhead Co. 
Porter Co., Inc., H. K. 1863 
See Henry Disston Division. 
Portomag, Inc. 1159 


Portable magnetic drill press. 


Precision Extrusions, Inc. 118 
Aluminum extrusions. 


Pressco Casting & Mfg. Corp. 142 
Cast nonferrous gears. 


Process Machinery Div. 1798 
See Cincinnati Milling Machine 
Co. 


Production Equipment 1488 
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Production Machine Co. 210 
Centerless grinding machine and 
surfacing machines. 


Prutton Corp. 1522 
See Wire Machinery, Inc. 
Punch Products Corp. 1759 


See Service Machine Co. 


Pyrometer Instrument Co., Inc. 1744 
Surface, radiation, immersion 
and indicating pyrometers. 


Radio Corp. of America 1494 
Rankin Bros. Engineering and 
Sales, Inc. 1684 


Grinding machines. 


Ransburg Electro-Coating Corp. 160 
Electrostatic paint spraying 
equipment. 


Reactive Metals, Inc. 1525 
Zirconium and hafnium ingots 
and mill products. 


Rebuilders Machinery Sales, Inc. 928 
Rebuilt machine tools and pro- 
duction equipment. 


Reliance Electric & 


Engineering Co. 1656 
Electric motors. 
Richards Co., J. A. 1497 


Multiform benders, electromatic 
saws, steel rules, die-making 
equipment. 


Riehle Testing Machines Div., 
American Machine 
and Metals, Inc. 820 
Testing machines. 


Rotherm Engineering Co., Inc. 1290 
Revolving joints and expansion 
joints. 


Ryerson & Son. Inc., Joseph T. 636 
Cut-to-order steel and aluminum 
sheet. 
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S. & S. Machinery Co. 1559 
See Man-Au-Cycle Corp. of 
America. 


Salkover Metal Processing of 
Illinois, Ine. 140 
Brazing service. 


Sandex Automation Inc. 1585 
Automatic feeds for machine 
tools. 


Sandusky F 


dry & Machine 

Co. 1731 
Centrifugal castings of heat, cor- 
rosion and abrasion resistant 
alloys. 


Scherr Co., 1550 
Microscopes and inspection equip- 
ment. 

Scientific Electric 301 
See Ionic Electrostatic Corp. 

Scott Paper Co. 1890 
Towels and industrial wipers. 

Scully-Jones and Co. 1791 
Tools, chucks and accessories. 

Selas Corp. of America 718 


Gas heat treating furnaces and 
burners. 


Sentry Co. 150 
High speed steel hardening fur- 
nace. 


Service Diamond Tool Co. 1341 
Hardness testing machines and 
accessories. 


Service Machine Co. 1759 
Punch presses. 
Sheffield Corp. 1645 


Transfer machines, micro-hard- 
ness testers. 


Sheldon Machine Co., Inc. 1264 
Variable speed drive lathe with 
automatic speed selector. 


Shell Oil Co. 310 
Cutting and quenching oils. 

Sieburg Industries, Inc. 1783 
See Tensilkut Div. 

Sinclair Refining Co. 1475 


Quenching, grinding and lubri- 
cating oils. 

Skil 
Portable power tools. 

Smith Welding Equipment Corp. 1867 


Torches for cutting, welding and 
heating, regulators. 
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Socony Mobil Oil Co., Ine. 1676 
Cutting oils and rust preventives. 
South Chester Corp. 1027 


Rivets and fasteners. 


Special Libraries Association, 
Metals Division 
Technical and reference books. 


Special Machinery Co., Inc. 1386 
Radius cutting machines. 
Spee-Flo Co. 1797 


Painting equipment. 


Spencer Turbine Co. 723 
Portable vacuum cleaners, turbo- 
compressors and pneumatic con- 
veying systems. 


Sperry Products, Inc. 1053 
Ultrasonic inspection equipment. 

Spitfire Tool Co. 1636 
Lapping machines. 

Stanat Mfg. Co. 1442 


Rolling mills. 


Standard Electrical Tool Co. 164 
Precision spindles and variable 
speed grinders. 


Standard Oil Co. (Indiana) 1564 
Petroleum products. 


Stanley Electric Tools Div., 


Stanley Works 1876 
Drills, sanders and grinders. 
Star Expansion Central, Inc. 1380 
Fasteners. 


Starlite Industries Inc. 1 
Industrial diamonds, diamond 
tools and wheels. 


Starrett Co., L. S. 1730 
Precision instruments and hand 
tools. 


Steel City Testing Machines, Inc. 1729 
Machines to test physical and 
mechanical properties of metals. 


Steel Sales Corp. 530 
Rod, strip, sheet, wire and tubing. 
Stimpson Co., Inc., Edwin B. 342 


Rivets, stampings and screw ma- 
chine parts. 


Stokes Corp., F. J. 631 
Powder metal press; vacuum 
equipment. 


Stroman Furnace and Engineering 
Co., Div. of Peterson 
Oven Co. 1291 


Sun Steel Co. 1591 
Sheet, strip, flats, rounds. 


Sunbeam Corp., 
Industrial Furnace Div. 828 
Gas carburizing furnace and at- 
mosphere quench equipment. 
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Sunnen Service Corp. 1490 
Precision gages. 


Superior Tube Co. 209 
mall-diameter metal tubing. 


Supreme Products Corp. 1 
ucks and other attachments 
for power drills. 


Surface Combustion Corp. 516 
Gas-fired heat treating furnaces 
and gas generators, controlled 
atmosphere equipment. 


Swedish Crucible Steel Co. 1843 
Steel and alloy castings, magne- 
sium parts. 
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Tapmatic Corp. 1859 
apping attachments. 


Tatnall Measuring Systems Co. 1715 
See Budd Co. 


Taylor Instrument Companies 1885 
Te emperature and pressure indi- 
cators and controllers. 


Technic, Inc. 10 
Plating equipment and supplies. 


Tempil Corp. 1041 
Temperature indicating mate- 
rials. 


Tensilkut Div., 
Sieburg Industries, Inc. 1783 
Machine tools, remote control 
equipment, shears, gages. 


Texas Co. 365 
Cutting and drawing compounds. 
Publishing Co. 249 


Thomas’ Register of American 
Manufacturers, Industrial Equip- 
ment News. 


Thompson & Son Co., Henry G. 1545 
Saw blades and tool bits. 


Thor Power Tool Co 436 
Portable air and electric tools. 
Tiarco Corp. 1767 


Process lor depositing a hard 
chromium coat, and tools and 
machine parts coated by this 
process. 


Tickle Engineering Works, 
Inc., Arthur 919 
Alumicoat and Alumibond proc- 
ess. 


Timesavers, Inc. 1342 
Automatic feed metal polishers. 


Tin Research Institute, Inc. 1048 
Information about tin and its 
applications. 


Titanium Metals Corp. 


of America 260 
New titanium alloys. 
Tocco Div. 236 
See Ohio Crankshaft Co. 
Torrington Mfg. Co. 1567 


Spring coiling machines and 
spring testers. 


Torsion Balance Co. 936 
Automatic hardness tester, mi- 
crohardness tester, analytical and 
industrial balances. 


Triplett & Barton, Inc. 1829 
Industrial X-ray units. 
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Tru-Seal Div., Flick-Reedy Corp. 1660 


Tubular Micrometer Co. 1550 
Precision measuring instruments. 
Tubular Rivet and Stud Co. 1779 


Tubular and split rivets, riveting 
machines. 


Turco Products, Ine. 1367 
Aluminum conversion coating, 
phosphate coatings and chemi- 
cal milling supplies. 


Uddeholm Co. of America, Inc. 942 
Laboratory equipment. 


Union Carbide Corp. 539 
See Linde Air Products Co., Elec- 
tro Metallurgical Co., National 
Carbon Co., Haynes Stellite Co. 


Union Mfg. Co. 841 
Hand and power chucks, gray 
iron castings, die sets. 


Unit Process Assemblies, Inc. 1023 
Coating thickness testers. 
United Scientific Co. 1736 


Microscopes and metallographic 
equipment. 


U. S. Chemical Milling Corp. 426 
Chemical milling operations on 
a sub-contract basis. 


U. S. Dept. of Commerce 
Services to industry. 


U. S. Electrical Motors Inc. 1268 
Variable speed motors. 
U. S. Gypsum Co. 1724 


Cements, plaster for precision 
castings and epoxy resin for in- 
dustrial tooling. 


U. S. Industrial Chemicals Co. 
Div., National Distillers & 
Chemical Corp. 1525 
Zirconium platelets, titanium and 
hafnium sponge and platelets. 


Universal Castings Corp. 1652 
Nonferrous castings. 


Universal-Cyclops Steel Corp. 1546 
Steel plates, sheets, bars. 


Universal Gear & Machine Co. 1230 
Gears, machine tools. 


Upton Electric Furnace Co. 641 
Graphite electrode salt bath fur- 
nace. 


Utility Supply Co. 1486 
Hand calculators. 
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Vanadium-Alloys Steel Co. 326 
High speed tool and die steels, 
tool bits and cold drawn special 
shapes. 


Vanadium Corp. of America 854 
Ferro-alloys, metals and chemi- 
cals. 


Vanguard Engineering Co. 1841 
Indoor boom truck. 
Vapor Blast Mfg. Co. 1394 


Liquid honing machines. 


Vascoloy-Ramet Cor 


1615 
See Fansteel Metallurgical Corp. 


Wagner Litho Machinery Div. 1745 
See National-Standard Co. 

Waldes Kohinoor, Inc. 836 
Retaining rings, pliers, assembly 
and accessory tools. 

Wales-Strippit Co. 1749 
Sheet metal fabricating and du- 
plicating equipment. 

Watson Publications, Inc. 217 
Modern Industrial Press, Mod- 
ern Railroads, Appliance Manu- 
facturer 


Waukee Engineering Co., Inc. 1842 
Flowmeters, gas-air mixers and 
industrial washing machines. 

Weatherhead Co. 315 
Industrial fittings and hose, cut- 
ting tools and toolsteels. 


Wells Mfg. Corp. 1775 
Metal cutting band saws. 
Weltronic Co. 1860 


Welding positioner motor con- 
trols, industrial relays and mag- 
netic contactors, induction gen- 
erator. 


West Instrument Corp. 1060 
Temperature controllers, indica- 
tors and recorders, other process 
controllers. 


Western Gold and Platinum Co. 1257 
Precious metals, brazing alloys, 
alumina ceramics, super refrac- 
tories. 


Westinghouse Electric Corp. 1616 
Arc welding equipment, arc vac- 
uum melting furnace, high-fre- 
quency heat treating equipment, 
motors, brazing alloys. 


Weston Electrical Instrument 
Corp. 248 
Recorders and controllers, tach- 
ometers, generators and indica- 
tors. 


Wheelabrator Corp. 1430 
Blast cleaning and tumbling 
equipment. 


Wheelco Instruments Div. 941 
See Barber Colman Co. 


Wilson Mechanical Instrument 
Div., American Chain & 
Cable Co., Inc. 953 
Rockwell and Tukon hardness 
testers. 


Wire Machinery, Inc. 1522 
Wire straightening and cut-off 
and thread rolling machines. 

Yale & Towne Mfg. Co., Powdered 


Metal Products Div. 1776 
Powder metal parts. 


Zaco Laboratories 139 


Zeiss, Inc., Carl 65 
Microscopes and metallographic 
equipment. 


Zenith Foundry Co. 1137 
Gray iron and alloy iron castings. 
Ziv Steel & Wire Co. 1381 


Castings, stampings, toolsteel, 
punches and dies. 
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Economics of the New 
Iron Ore Reduction Processes 


By E. C. WRIGHT* 


A ton of steel from all direct iron processes requires 

at least 4,000,000 Btu. more energy than from the conventional 
blast furnace and openhearth, and consequently a direct iron plant 
must be located where electricity or gas is very cheap 

and coke is very dear. There is little difference in capital costs 

per ton of product per year. (D8, B15; Fe, RM-n) 


I+ A MODERN METALLURGIST were to ex- 
amine the old methods of ironmaking he would 
say that they were all closely related to the 
“direct” processes which have received a good 
deal of attention in the last 20 years. The ancient 
processes seem to have been invented in many 
places long ago — certainly before the birth of 
Christ — and naturally had many variations. 
From a modern standpoint they all had at 
least three shortcomings — the hearths had small 
capacity, the product was quite irregular in 
quality, and they could not attain the melting 
temperature of steel. 

These old processes were on the way out in 
the early 14th Century when the Bohemians 
invented the hoch ofen, the true blast furnace. 
Its molten product was vastly more uniform and 
was directly useful for iron castings, or for refin- 
ing into wrought iron and (after Bessemer’s day ) 
into steel. Truly the blast furnace has been basic 
to our industrial and mechanical civilization. Its 
details have been perfected in many ways, its 
size greatly increased, its daily output enlarged 
even more, and its thermal efficiency improved. 

It has become almost too good! It is costly 
to build and even costlier is the auxiliary equip- 


OCTOBER 1957 


ment to convert the great tonnage of pig iron 
constantly coming from it into castings or steel 
shapes. These in turn must find a ready market 
in the neighborhood. The furnace requires good- 
quality coke for fuel, and this is becoming scarcer 
and more expensive. It requires fairly high- 
grade iron ore, else the slag fall becomes burden- 
some. A large quantity of cooling water is neces- 
sary. Obviously there are many places in the 
world where ore deposits, coking coal, and 
market are not in fairly close proximity, yet 
where there would be a demand for a plant pro- 
ducing metal in smaller quantities than one 
modern blast furnace makes — say, a few hun- 
dred tons a day. 

These considerations, together with the steady 
exhaustion of our cheap, good ores and suitable 
coal deposits, have led many men in the iron 
and steel industry both in the United States and 
abroad to turn their attention to the funda- 
mentals of the ancient processes — the so-called 


*Consulting Editor, Metal Progress, and head of 
the department of metallurgical engineering, Uni- 
versity of Alabama. From 1926 to 1947 Mr. Wright 
was metallurgist for National Tube Co., at time of 
resignation being assistant to the president. 
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direct reduction of ore. With our modern knowl- 
edge of science and our techniques of control it 
might be possible to produce iron uniformly with 
much less of the carbon, silicon, sulphur and 
phosphorus which normal pig iron carries. 
Capital costs might even be less per ton with the 
simpler equipment. Iron oxide can be reduced 
to metal at temperatures well below melting, 
and the unreduced particles and gangue sepa- 
rated magnetically, leaving a fine iron powder 
of high purity. This might even produce a 
superior quality of steel. All in all, this might 
be a simpler, better and cheaper method of 
extracting iron from its ores. 

It just doesn’t work out that way —at least 
under the economic conditions existing in Amer- 
ican heavy industry in 1957. 


Quality of Raw Materials 


The recent revival of interest in direct reduc- 
tion processes —in spite of the many financial 
and engineering fiascos in America during the 
past 30 years —has mainly taken place outside 
of the United States and in special situations 
related to low-grade iron ores, absence of good 
coking coal, freight charges on necessary raw 
materials, availability of cheap electric power 
and other unique economic factors. In Canada, 
with relatively low consuming capacity, but with 
enormous amounts of cheap, good ore and 
natural gas, the interest is in producing a 90% + 
iron which will stand the shipping charges to a 
foreign consumer. In the United States, interest 
is spurred by the steady depletion of high-grade 
iron ores, increases in the cost of blast furnace 
coke, and the probability that lower and lower 
grades of iron ore must be handled at high cost 
in blast furnaces! An additional factor in the 
American scene is the increased supply of high- 
grade magnetite concentrates (60% or more iron 
and less than 10% gangue ) plus the huge imports 
to be expected of rich Labrador and Venezuelan 
ores. Thus the interest in direct iron is closely 
connected to the availability of high-grade ma- 
terial. Might it not be more readily handled by 
direct reduction processes instead of the blast 
furnace? 

Estimates which I think are realistic show that 
between 15 and 20 million tons per year of 60 
to 65% concentrates (magnetite) will be avail- 
able from taconite deposits in the Lake Superior 
region, and from mines in the Adirondacks, 
Canada, and Pennsylvania within the next few 
years. An even greater annual tonnage of first- 
class ore is also probable from the new Vene- 
zuelan and Labrador ore deposits. These new 
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supplies will approximate 40% of American iron 
ore requirements. These rich ores are easily 
reduced by hydrogen or carbon monoxide and 
the very small amount of gangue (2 to 10%) is 
then separated from the reduced iron powder. 
Why smelt such material in a blast furnace when 
the gangue in the ore often weighs less than the 
ash in the coke required? 

On the other side of the picture are the large 
and numerous deposits of low-grade ores (25 
to 40% Fe) which cannot be successfully con- 
centrated at the present time, are too low in 
grade for direct smelting in blast furnaces, and 
which are often located near steel consuming 
regions. These are the hematitic taconites of 
Minnesota, the jaspers of Wisconsin and Michi- 
gan, the ferruginous sandstones of the southern 
Appalachians in Alabama and Tennessee, the 
East Texas limonites and siderites. There are 
billions of tons of iron in these deposits. Further- 
more, most of these deposits may be stripped and 
mined from open pits at low cost. Of course, 
some of these may be concentrated and_ the 
high-grade product shipped to present blast 
furnaces. Alternatively, if the low-grade ore is 
reduced directly at a plant adjacent to the mine, 
and the iron then separated from the gangue, 
high shipping charges on raw ore are avoided in 
this manner as well. Coal, fuel oil, or natural 
gas is usually no more costly at these situations 
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than at existing steel plants, with the possible 
exception of the Lake Superior region. The 
iron minerals — hematite, limonite or siderite, or 
mixtures of all three —cannot be successfully 
concentrated by commercial ore dressing methods 
now known. As a result, these deposits have 
been largely dormant. 

The high-grade Mesabi ores, which have been 
our chief source, will soon be mined out. The 
latest available reports of reserves in the Lake 
Superior district indicate that only about 600 
million tons of direct shipping ore remain. Ship- 
ments have averaged over 80 million tons per 
year for the past eight years. Obviously, if this 
rate continues for another ten years most of the 
ore supply of the United States will have to come 
largely from the other sources mentioned above. 
This of course is responsible for the large con- 
centrating plants now operating in the Lake 
iron ore region, as described in Metal Progress 
for October 1956. 

Some of these low-grade ores may be readily 
reduced by mixing with coal, or reducing with 
CO or hydrogen gas. These lean ores are not 
satisfactory for fluo-solids manipulations* be- 
cause of the large gangue content (30 to 50%) 
but have been successfully reduced in rotary 
kilns, sintering machines, or shaft furnaces. The 
ores may be partially reduced to magnetite at 
moderate temperatures, 1200° F., and then con- 
centrated with magnetic separators; they may 
be partially reduced to iron or FeO at 1800° F. 
and then smelted to pig iron in electric furnaces; 
they may be reduced to sponge iron at very 
high temperatures, 2300° F., in rotary or tunnel 
kilns. Active work on all of these schemes is 
going on in pilot plants at several places through- 
out the world. 


Some Difficulties With Lean Ores 


The direct reduction of these low-grade ores 
to the magnetic oxide Fe,;O, or to iron powder 
may usually be accomplished but the separation 
of the reduced material from the nonmetallic 
gangue is often difficult. This is partly due to 
the fact that particles of gangue stick tightly to 
the magnetite or iron particle. Partial roasting 


*The “fluo-solids” treatment may be briefly des- 
cribed as it is utilized in the “H-iron process”. In 
it a batch of the finely ground ore preheated to about 
900° F. is pumped into a vertical cylinder and 
pressure of hy drogen run up to about 400 psi. Hot 
dry hy drogen is forced into the bottom at such a 
rate that the fines are buoyed up in the gas, yet most 
of the gas goes upward in small bubbles. This 
rapidly agitates the solid and gives plenty of contact 
between oxide (ore) and reducer (hydrogen). 


OCTOBER 1957 


to form magnetite in the hematitic taconites 
and jaspers of the Lake Superior district does 
not seem too satisfactory so far; the concentrate 
is high in silica. 

A similar disappointing result was reached 
several years ago with a magnetic roast on the 
high- -silica ores of Red Mountain in the Alabama 
district. Pilot plant research on this tough prob- 
lem still continues; a solution would be of 
greatest importance, especially in any emergency 
when supplies of foreign ores would be curtailed. 
Investigators at Illinois Institute of Technology 
encountered this difficulty in the partial reduc- 
tion of several kinds of iron ore and reported 
failure to get a satisfactory result. M. Tennen- 
baum reported in the 1951 Yearbook of the 
American Iron & Steel Institute (p. 208) that 
“under conditions of fluo-solids bed with hydro- 
gen gas as reducing agent, complete reduction 
was seldom approached and never attained”. 
Temperatures from 850 to 1800° F. were used 
in this investigation. 

Many of the old sponge iron plants have 
reached a similar result. John Stalhed, manager 
of Stora Kopparberg, the largest Swedish sponge 
iron plant, states in one of his numerous publi- 
cations: “An ore of the lowest possible gangue 
content should be used as raw material for 
sponge iron. Moreover, experience has shown 
that the lower the gangue content of the ore, 
the higher the degree of reduction will be ob- 
tained in the sponge.” Figure 1, taken from one 
of his papers, shows the important relations be- 
tween the amount of gangue in the ore and the 
composition of the iron reduced to sponge at 
2300° F. A low-grade ore means that the sponge 
contains more nonmetallics — also that a smaller 
portion of the original iron oxide, either as 
hematite or magnetite, is reduced. The Wiberg- 
Soderfors sponge iron plants* use lump ore or 
large pellets in the charge and the reducing 
gases apparently don’t penetrate to the interior 
of the lumps while they are in the shaft furnace, 
so the iron oxides are not completely reduced 
when the gangue content of the ore is very high. 

Thus the processing of low-grade ores presents 
about as many problems as there are ore deposits. 
Electric smelting of such low-grade ores would 
be almost a last resort since the high slag volume 
would waste so much energy. 

The R-N process, recently in the news, is the 
child of Republic Steel Corp. and National Lead 
Co. Although no information has been pub- 


*An. analysis of the costs of iron from a Wiberg- 
Soderfors furnace was presented by P. E. Cavanagh 
in Metal Progress for May 1950, p. 633. 
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lished on the project which the present 
writer considers to be reliable, and the 
people who should know have refused 
to discuss the subject, it is understood 
in the Birmingham district that an iron- 
bearing sandstone carrying 25 to 30% 
iron and located on Red Mountain is 
being mixed with coal and fired to a 
high temperature (possibly 2300° F.) 
in a rotary kiln. The hot clinker is 
quenched in water, ground fine in ball 
mills, and passed over magnetic sepa- 
rators. No information is available as to 
the degree of reduction attained nor the 
yield of iron obtained from the original 
ore charge. The product obtained is 
then briquetted and charged into steel 
furnaces, 

If the above is reasonably close to the 
situation, the briquettes might be con- 
sidered as a low-grade scrap or as a 
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high grade of charge ore containing 
sufficient oxide content to react with 
some of the impurities in the pig iron in 
the steel melting furnace. The open pit 
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mine will produce cheap ore, and if this 
operation is able to produce a_high- 
quality iron powder it should reduce 
shipping costs from mine to steel plant, 
and so be competitive with other iron 
ores available to the Birmingham district. 
It will be remembered that the ores in 
this district are rather low in grade by 
northern standards. 

This again demonstrates the influence 
of cheap mining costs and the geographic 
factor on any given situation. However, as far 
as I have been able to appraise this process it 
closely resembles the Krupp-Renn process which 
had a ruinously high fuel consumption. (See 
Metal Progress, April 1950, p. 510, and May 1950, 
p. 635.) Several Krupp-Renn plants are operat- 
ing in Europe on very low-grade ores, where 
they are successful because of the balling action 
on the powdered iron at 2600° F. and the very 
friable, high-silica slag produced. The iron balls, 
3 to 10 mm. (0.12 to 0.39 in.) in diameter, are 
cleanly and easily separated from the very glassy 
slag. Recovery of iron is high. 


Energy Requirements 


All of the several direct reduction processes 
require more energy per ton of molten iron than 
does the blast furnace, since the product must 
be heated twice before it becomes a molten steel. 
Thus, the sponge iron, “H-iron”, and “R-N iron” 
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Steel 
Ingots 
To Rolling Mill 
To Market To Market 


Fig. 2 — Flow Sheet of Plant Using Pre-Reduced 
Ore Followed by Direct Smelting to Pig Iron 
in a Submerged-Arc Electric Furnace With 
Basic Lining. (From F. C. Collin and O. A. 
Grytting, Journal of Metals, October 1956) 


must be heated as ore to the required reduction 
temperatures, the whole mass cooled to room 
temperature for the separation of the powdered 
iron, and the latter is then reheated past the melt- 
ing point of steel. In contrast, when hot metal 
is charged into the steel furnace directly, most 
of the sensible heat of the molten iron is saved. 
Rough calculations of the heat balance of the 
various processes indicate a net heat requirement 
of the following amounts, when all are operating 
on an ore containing 65% iron: 


H-iron 18,500,000 Btu. per ton melted 
Sponge iron 13,000,000 
R-N process 15,300,000 
Electrokemisk 11,000,000 
Blast furnace 11,400,000 


The differences range between 1,600,000 and 
7,100,000 Btu., and at 70¢ per million this 
amounts to a cost differential of $1.12 to $5.00 
per ton of melted product. This factor is re- 
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flected in the Swedish Wiberg-Soderfors sponge 
iron and the Norwegian Electrokemisk processes, 
where 850 and 1200 kw-hr. per ton of iron respec- 
tively is used. The thermal efficiency of electric 
power heating is better than 70% whereas com- 
bustion of fuels is more nearly 20% 
regeneration. 

In the Electrokemisk process (Fig. 2), hot 
pre-reduced ore is smelted electrically. It equals 
the blast furnace in thermal efficiency as it saves 
the sensible heat of the pre-reduced ore, and 
recovers the CO gas from the furnace to supply 
some of the energy required for heating the ore 
in the pre-reduction kiln. On the other hand, 
the Wiberg-Soderfors furnace is charged with 
cold ore and the iron mineral (about 90% of 
it reduced to iron) plus gangue is cooled to 
300° F. before being withdrawn from the furnace. 

It is obvious that any direct smelting method 
will always have an advantage over any of the 
iron powder processes equal to the heat content 
of a ton of steel at its melting point. This is 
about 1,200,000 Btu. If it is supplied by com- 
bustion of fuel with regeneration, the over-all 
efficiency is only about 25%. Thus a differential 
in favor of the smelting methods will remain at 
about 4,000,000 to 5,000,000 Btu. (It should be 
noted that this discussion is based on 65% iron 
ore; lower grades of ore would require an entirely 
new set of calculations. ) 


without 


Over-all Economics 


Current magazines have carried many descrip- 
tions of these developments, and some very 
elaborate and even fantastic claims have been 
made for them. This has been particularly evi- 
dent in nontechnical publications, such as the 
article by E. L. Van Dusen in Fortune for 
October 1956, where the doom of the blast 
furnace has been freely predicted. It is fre- 
quently claimed that the capital cost of these 
direct reduction plants per ton of iron produced 
is about half of that for a new blast furnace and 
necessary coke plant. 

The present writer has personally discussed 
this matter with men on the research and 
development staffs of prominent steel companies, 
who are studying all of these proposals inten- 
sively, and also with engineering firms that 
design and erect plants. It appears that these 


optimistic claims are not justified. 

Let us first consider the newly proposed 
At present the general opinion of 
these American steelmen is that a brand new 
direct reduction plant of 1000 tons daily capacity 
would cost at least $20,000,000. Part of this is 


processes. 
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due to the multiplicity of production lines re- 
quired for such an output. For example, in the 
electric smelting of pre-reduced ore, the largest 
submerged-arc smelting furnace produces only 
about 400 tons of pig iron per day. (It is 32 ft. 
in diameter, equipped with 45-in. carbon elec- 
trodes and requires 20,000-kw. electrical supply. ) 
Thus at least three production lines would be 
needed for the desired output. A similar situa- 
tion would exist for the equipment seeded in the 
complicated H-iron flow sheet*, R-N process, 
or the Wiberg-Soderfors sponge iron plant. Two 
large engineering firms have estimated a cost 
of $7,000,000 to $9,000,000 for a production line 
with a 400-ton per day capacity for some of these 
proposed direct reduction plants. This comes 
to $57 per annual ton of iron. 

On the other hand, blast furnaces with hearth 
diameter of 28 ft. have recently been built at 
actual cost of $30,000,000 to $40,000,000 with 
all accessories, including coke plant. The lower 
figure applies to units built as additions to exist- 
ing furnace plants or replacing older smaller 
furnaces, while the higher figure represents new 
installations at new locations. Such a furnace 
will produce 1500 tons of iron per day from Lake 
Superior ores (50% Fe) and over 2000 tons per 
day with taconite pellets or foreign ores con- 
taining over 60% Fe. Even at present price 
levels, modern blast furnaces have been built and 
are operating successfully at a capital cost of 
$55 to $60 per annual ton of pig iron. Remember 
that this iron is already melted, ready for the 
steel refining furnace. 

The best present opinion on the capital cost 
debate seems to be that there is little difference 
in capital costs for all of the five methods of 
producing iron. If there is any definite choice, 
many steelmen feel that the blast furnace is 
still tops, since they know its capital and actual 
operating costs, while the figures for the other 
processes (expect the Swedish sponge iron) are 
based on speculative estimates extrapolated 
from data for small pilot plants. 

Some idea of the operating cycles and equip- 
ment needed in these direct reduction plants 
may be gained from published flow sheets. 
Collins and Grytting, in Journal of Metals for 
October 1956, estimate that the pre-reduced ore- 
electric smelting process requires the crushing 
of three tons of ore and 1 ton of coal. This 
mixture may then be pelletized and heated to 
1800 to 2000°F. in shaft furnaces, sintering 


*The H-iron process requires at least 13 different 
items of oe for such operations as making 
hydrogen, preheating ore, reducing ore. 
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machines, or rotary kilns to remove over half of 
the oxygen from the iron oxide, yielding a 
product containing iron, FeO, carbon plus the 
gangue of the ore and the coal ash. (Sufficient 
carbon must remain in the fired pellet to com- 
plete the reduction of the FeO in the electric 
furnace.) The hot product is charged into the 
submerged arc smelting furnace with sufficient 
lime or dolomite for fluxing the gangue, and 
molten pig iron and slag are produced. A large 
volume of CO gas escapes the smelting furnace 
and should be recovered and used for heating 
the ore mixture in the pre-reduction furnace. 
The basic slag and lining of the electric smelting 
furnace yield low-sulphur metal (under 0.03% S$). 
Figure 2 shows a simplified flow sheet of this 
type of plant which is now operating in Norway 
on a high-grade ore containing 60% Fe. The 
iron analysis varies considerably due to the 
difficulty in controlling the degree of pre- 
reduction in the agglomerating step and the 
range of carbon in the pellets. 

The H-iron process has received much pub- 
licity and many claims have been made as to its 
high-quality product, low production cost, and 
small capital cost. A description of operations 


in a pilot plant built and operated jointly by 
Bethlehem Steel Co. and Hydrocarbon Research, 
Inc., was given by A. M. Squires and C. A. 


Johnson before the A.I.M.E.’s Blast Furnace, 
Coke Oven and Raw Materials Conference in 
April 1957. The process is quite complicated 


and involves the handling of hydrogen gas at 


pressures of 400 Ib. and temperatures up to: 


1000° F. A flow sheet is shown in Fig. 3. 
It All Depends! 


To summarize this complicated situation: 
There is no doubt that the direct reduction of 
high-grade iron ores is technically feasible. It 
seems probable that the installation of plants 
will depend largely on geographic and economic 
factors. There will always be places (like 
ancient Rio Tinto) where iron is a byproduct of 
operations necessary for the extraction of other 
metals of higher value. Logical locations for 
direct iron plants would be those where cheaply 
mined, rich ore deposits are near coal or natural 
gas, yet where good coke is not available. Where 
ore may be mined by open-pit stripping instead 
of underground, the low cost of ore might offset 
the higher energy consumption of direct reduc- 
tion plants. For example, a scheme such as the 
H-iron process would be favored by cheap 
natural gas in Texas, or waste gases from huge 
oil refineries as in the Chicago district. 
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Fig. 3-- Flow Sheet of “H-Iron” Process 


One attractive feature of the direct reduction 
schemes is that plants could be built with small 
capacities of 100 tons or more per day. Non- 
integrated steel producers could thus obtain 
100 to 400 tons of powder iron or hot metal per 
day to feed their steel furnaces at a lower cost 
than purchased scrap or cold pig iron. Large 
iron and steel foundries could also obtain cheaper 
supplies of iron whenever their consumption of 
iron would exceed 400 tons per day. On the 
other hand, the direct electric melting of scrap 
in furnaces of moderate size has already proven 
to be quite profitable — even in the Birmingham 
region where a_ large integrated 
flourishes. 

At present this seems to be the most logical 
type of plant to take advantage of these develop- 
ments — the small outfit in regions favored by 
cheap ore and cheap energy — somewhat isolated 
or at least far distant from established steel 
plants, and having a moderate market for an 
easily produced line. It still looks like the large 
integrated steel producers will stick to the blast 
furnace, except in locations such as the above 
where good coke and water supply are unavail- 
able and where hot metal requirements are not 
too great. S$ 


industry 
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Atomic Fuels 


By FRANK H. SPEDDING* 


Several fissionable isotopes will be available to fuel the future 
power reactors, and could be used as solid metal or alloy, 

as a molten mixture or in liquid solution. 

Various coolants and moderators are also possible. 

To determine which combination of all these can best produce 
economical electricity is the aim of the Atomic Energy Commission's 
extensive and costly developmental program. 

It will require years of hard work by metallurgists 

and other engineers. (T1lg, Wllp; U, Th, 14-13) 


Desicx AND PREPARATION of nuclear fuels 
for power reactors is an extremely complex topic. 
Theoretically, the fuel can be in either the solid, 


liquid, or even the gaseous state. It can be 
introduced into the reactor as a metal, an alloy, 
an oxide, a carbide, a ceramic, a molten metal 
solution, a fused salt solution, or as an aqueous 
liquid solution. Since the fuel can contain 
various concentrations of several fissionable 
atoms, and can be introduced into the reactor 
in various shapes or configurations, there is 
almost an infinite number of ways in which the 
fuel could be prepared. 


Cost of Fuel and Fuel Cycle 


One of the most persistent erroneous ideas 
concerning nuclear power is that the fuel is of 
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negligible cost. This misconception arises from 
the fact that nuclear fuels are cheap — provided 
some assumptions are made. If one takes $20.00 
per lb. as a price for uranium, and assumes that 
it can all be fissioned in a breeder, then an appar- 
ent fuel cost of about 0.005 mill per kw-hr. for 
electricity can be computed. 

Nothing could be further from the truth. 

It is true that it is potentially possible to get 
the costs of the entire fuel cycle in the nuclear 
power plant well below fuel costs in conventional 
steam power plants, but this is yet to be achieved. 
The fuel costs have to be calculated not on the 
basis of introducing a certain quantity of fission- 


+ Director, Institute for Atomic Research and Ames 
Laboratory of the U.S. Atomic Energy Commission, 
Iowa State College, Ames, Iowa. 
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Fig. 1 — Core of A.E.C.’s Homogeneous Reactor 
Experiment No. 2 at Oak Ridge, Generating 
up to 10,000 Kw. of Heat and 2500 Kw. of Electric- 
ity. The sphere with spiral cooling coils is a blast 
shield made of %-in. thick stainless steel. Inside 
is a pressure sphere, 5 ft. 9 in. diameter, of 
carbon steel 4 in. thick clad inside with ‘-in. 
stainless steel. The core (containing the fuel 
solution) is still an inner sphere, 32 in. diameter 
of zirconium alloy 0.31 in. thick. Surrounding 
the zirconium is a blanket solution. Both solu- 
tions are at 2000 psi. pressure to prevent boiling 


able material into the reactor, but on the basis 
of introducing a certain quantity which will be 
consumed in producing useful heat. It is neces- 
sary, therefore, to add to the first cost of the 
metai the costs of preparing the fuel element and 
the costs of extracting and disposing of the 
waste materials — costs which can be, and fre- 
quently are, quite high. It should be emphasized 
in addition that the manner in which the fuel 
cycle* is carried out can drastically influence the 
design of the reactor and the capital investment. 
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Variables in Reactor Design 


A considerable number of nuclear reactors 
have now been built, and much information has 
been published on the fuel elements used in these 
reactors. From this accumulated experience, 
we have learned a great deal as to what can and 
what cannot be done. However, we are as yet 
in no position to say which reactors will be the 
most efficient or economical. Even the experts 
who have been working in this field since the 
beginning cannot agree as to which type is the 
most promising, let alone what variation of the 
type would lead to the cheapest atomic power. 
A great deal of basic research in the fields of 
chemistry, physics, metallurgy, engineering, and 
even biology, will have to be done before this 
problem can be settled, and a_ considerable 
number of prototype reactors will have to be 
built and operated before even many of the 
drastically different types of reactors can be 
eliminated from the competition for producing 
cheap atomic power. This is the basis of the 
very extensive reactor development program in 
the U.S. Atomic Energy Commission. 

It is becoming increasingly clear that no single 
type of reactor will be superior for all purposes, 
and that the form of the fuel used will be differ- 
ent for each type of reactor designed. The most 
economical power plants for producing 10,000 
kw. of electricity will most certainly be different 
in design from those built to produce 100,000 
or 1,000,000 kw., and the fuel would have to 
be prepared in a different manner for each type. 

Certain questions will profoundly influence 
the entire design and, therefore, the fuel assem- 
blies used. For example, is the plant to be 
located in a densely populated area where super- 
safety plays a dominant role, or is to be located 
in a sparsely populated area where smaller safety 
factors can be tolerated? What is the funda- 
mental purpose of the reactor? Is the reactor 
to produce power only, or is it expected to pro- 
duce fissionable materials as a by-product for 
weapons or for enriching the fuel for other 


*By “fuel cycle” is meant all those operations 
required to prepare the metal in such form as is 
required for the particular power plant, handling 
and storage costs between factory and power plant 
(including spares or reserve supply), installation in 
reactor, removal after economical amount of “burn 
up”, protection and shipment to processing plant, 
recovery of unreacted material and valuable by- 
products, and disposal of radioactive wastes. 

tFor example, see the technical papers of the 
International Conference on the eas Uses of 
Atomic Energy at Geneva, Aug. 8 to 20, 1955. 
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reactors? Answers to these will decidedly affect 
the cost of the power. 

As far as I know, every power reactor which 
has been designed to date utilizes the fuel in a 
somewhat different manner, and has its own 
problems regarding the preparation of the fuel 
assembly, Developments are occurring so 
rapidly that long before the power plant is com- 
plete, the fuel assembly and cycle are obsoles- 
cent, and designers of future reactors would be 
very unlikely to duplicate them exactly. This 
doesn’t mean that once a power plant is built it 
can't be used to produce economic power, since 
the initial investment is already made and the 
continued operation of the plant would not be 
uneconomical in comparison with conventional 
fuels, but it does mean that future construction, 
for some time to come, will not duplicate that 
of the existing designs. 

The state of development of the atomic indus- 
try in a given country can also play a dominant 
role in the design of the reactor and fuel assem- 
blies. When natural uranium has to be used 
without enrichment with readily fissionable iso- 
topes or elements, and such auxiliary materials 
as heavy water, zirconium and beryllium are 
very expensive or unattainable, the fuel assembly 
to produce the most economical power will be 
very different from that which would be used 
in those countries where the desirable materials 
are available. The ratio of the cost of fissionable 
material (U**°, U*%* or Pu®*®) to the cost of the 
source materials (natural uranium or thorium ) 
is one of the dominant factors in determining 
the type of fuel assembly and the cost of power. 
This ratio is certain to get smaller as the atomic 
industry develops. Therefore the most economi- 
cal fuel element assemblies today will not be 
the most economical ones in the future. 

Aside from the fuel element, the manner in 
which an entire nuclear power plant will be de- 
signed will also change markedly as experience 
accumulates. When natural uranium is used for 
the source of heat, conditions needed to get a 
chain reaction going are very critical. The 
materials in the reactor have to be of very high 
purity and placed with exact geometry. How- 
ever, as enriched fuels become available, these 
conditions can be greatly relaxed. While new 
problems will arise, they can be solved and not 
interfere with the production of more economic 
power. 

At this stage of development, the economic 
factors will play a much greater role. The design 
of the reactor will be more and more determined 
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by what the metallurgists, chemical engineers 
and power engineers say are the most economical 
ways to construct the reactor and fuel assem- 
blies. In other words, as enriched materials are 
used, the drastic limitations on purity and types 
of materials and the geometry of the reactor 
are greatly relaxed. The power plant can then 
be designed to take advantage of cheaper ma- 
terials for construction and of cheaper processes 
for preparing the fuel. 


Uranium and Thorium 


Uranium and thorium are the two metals 
naturally occurring in the earth's crust useful for 
atomic fuel. They exist in many minerals, es 
these minerals may be fairly concentrated ¢ 
may be highly diluted with other 
(Most of the thorium is obtained from the 
mineral monazite.) One of the first operations 
after mining the ore is to concentrate the 
uranium-bearing minerals, and this is done by 
such conventional operations as crushing, mag- 
netic separation, flotation, and the use of wetting 
agents which preferentially influence the settling 
rate of the various minerals. Each ore presents 
its own problems and the processes used vary 
widely from mine to mine. Recovery of purified 
uranium metal from the concentrate now requires 
methods and equipment far more familiar to 
Even 
the final conversion from purified chemical com- 
pound to metal is rather unusual and utilizes 
calcium or magnesium as a reducing agent in a 
closed vessel. Subsequent fabrication of the 
ingot, as by rolling, extrusion, machining, and 
powder me tallurgical methods, is fairly conven- 
tional. The scrap is valuable so it is carefully 
husbanded. The uranium content of the ores 
may vary from a few parts per million up to 
several parts per hundred, so the costs of extract- 
ing and purifying may vary from a very few 
dollars up to hundreds of dollars per pound. 

Reports on the known resources of uranium 
in the world indicate that there is sufficient 
economically recoverable uranium to satisfy the 
anticipated world power demands for at least 
the next millennium. It is also reported that 
there is more thorium in the world than uranium. 


chemical engineers than to metallurgists. 


Some Elementary Physics 


In a paper of this length, it is obviously 
impossible to describe all the possible ways of 
producing fuel elements. Therefore the re- 
mainder of the paper will be devoted to some 


of the factors which have to be considered in 
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connection with a specific reactor design and the 
planning of a suitable fuel assembly. This 
depends fundamentally on the conditions under 
which atomic fission occurs, and so it might be 
well to introduce some elementary physics, at 
the risk of boring some readers more familiar 
with this fascinating subject. 

The uranium occurring in nature is made up 
of several isotopes (atoms that have the same 
chemical properties but whose nuclei are differ- 
ent in mass and nuclear properties) but mostly 
of atoms having masses of 235 and 238 on the 
atomic weight scale. In normal uranium, there 
are about 140 U2** atoms to each U2** atom. 

If neutrons pass near a U*** nucleus, there 
is a certain probability that one will be captured 
and a U*** nucleus will be formed. This is 
unstable and immediately explodes or fissions 
to give more neutrons and the two very intensely 
radioactive lighter elements known as the fission 
products. These newly freed neutrons, in turn, 
if they are captured by other U*** atoms, can 
cause them to fission and thereby set up the chain 
reaction. If the chain reaction is to be main- 
tained, as many neutrons in the next generation 
must produce fission as caused e xplosions in the 
previous generations. If less fissions are pro- 
duced in succeeding generations, the chain re- 
action will die out; if more are produced, the 
reactor will run away. 

One important way of influencing the prob- 
ability of neutron capture by the fissionable 
atoms is by geometry — that is to say, where the 
U2*5 atoms are located in the reactor. This can 
be done by diluting them with other atoms which 
do not fission. Consequently, the concentration 
of the U*** is frequently varied in fuel assemblies 
for different reactor designs; furthermore the 
original concentration will spontaneously change 
as the reactor is operated since the U*** will 
be consumed. 


Enriched Fuel 


Another important way of increasing the 
probability of neutron capture is to enrich the 
natural uranium with U**°. This can be sepa- 
rated from normal uranium by the well-known 
diffusion process. The U***, however, is expen- 
sive and can decidedly Bienes the cost of 
power production. 

The probability that a neutron will be captured 
if it goes near a U*** atom is also influenced 
by the velocity with which it is traveling. On 
first liberation they have high energies and they 
will not be captured by a neighboring U** atom 
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as readily as they will when they are traveling 
at a slower velocity. For this reason, moderators 
(materials containing light atoms such as heavy 
hydrogen in “heavy water”, beryllium and 
carbon — none of which have much tendency to 
capture neutrons) are frequently used to slow 
down, through collision, the average velocity of 
the neutrons. Sometimes it is desirable to mix 
these moderators intimately with the fissionable 
material to be fed in the fuel cycles, so alloys 
or solutions will be made up from the mixture. 
We may then have a homogeneous reactor. On 
the other hand, it may be desirable to let the 
fast neutrons escape from the individual fuel 
elements to be later slowed down by a moderator 
placed between the elements. The slow neutrons 
will then be captured by atoms in neighboring 
fuel elements. This results in a heterogeneous 
reactor and here, again, it can be seen that 
geometry plays an important role. 

If the neutrons are not slowed down appreci- 
ably, the U*** content has to be higher to main- 
tain the chain reaction and we have a “fast 
reactor”. If they are slowed down partially, we 
refer to it as an “intermediate reactor” and if 
they are slowed down so as to be in thermal 
equilibrium with the reactor, we refer to it as a 
“thermal reactor”. in each type of power plant, 
the fuel elements would be distinctly different. 

If the neutron passes near a U*** atom, there 
is also a probability (again varying with its 
speed) that it will be captured and form an 
atom of U***, which explodes in a different 
manner, giving out no neutrons and compara- 
tively little heat. After an intermediate decay, 
another fuel isotope, Pu***, is produced. The 
rate at which this occurs is slow, so that after 
about 2.3 days only half the U**® atoms formed 
will be converted to Pu***. The latter are also 
fissionable, and as they build up in the reactor 
they can take the place of the original U*** atoms 
in maintaining the chain reaction. If the U*** 
captures enough neutrons to produce more Pu*** 
atoms than U*** atoms from which the neutrons 
came, then we say the reactor is a “breeder” and 
we are burning U?** as a fuel. If less plutonium 
atoms are formed than U*** atoms consumed, 
they will supplement the amount of energy 
produced, but ultimately the reactor will die out, 
leaving a large quantity of U*** which is not 
consumed. In this case we refer to the reactor 
as a “converter” in which we make plutonium 
from U*** at the expense of U***. As the Pu*** 
builds up in the fuel element, a certain fraction 
of it will be converted to Pu?*", an atom which 
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Fig. 2 — Top of Reactor Core of Argonne Na- 
tional Laboratory's Heavy Water Reactor Before 


behaves similarly to U*** in that it does not 
immediately sustain the chain reaction but has 
to be converted over a period of time to a new 
fissionable atom. 

When the concentrations of the radioactive 
fission products, the plutonium, and associated 
elements build up in the fuel, they change its 
physical and metallurgical properties and even 
its shape (if a solid). Periodically these ma- 
terials either have to be removed or brought 
back to their optimum concentrations. This 
usually means chemical or metallurgical process- 
ing behind radiation barriers and by remote con- 
trol — expensive processes obviously part of the 
fuel cycle. They can also tie up a considerable 
quantity of costly fissionable materials in the 
processing operation. For these reasons, the 
reactor has to be designed so as to keep the 
number of fuel cycles or replacement operations 
to a minimum and to keep them as cheap as 
possible. The reprocessing cost can be con- 
siderably offset if the cheaper U*** can be 
burned in a breeder reactor but it must be 
emphasized that there is a very delicate balance 
of economic factors involved here. 

It should also be pointed out that most of the 
chemical elements have a certain probability of 
capturing neutrons and thereby removing neu- 
trons from the chain reaction. Certain common 
materials of construction or alloying elements 
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Top Shield Was Placed. Ends of round fuel ele- 
ments (uranium rods) are shown in regular array 


have a high probability of capturing neutrons; 
only very small quantities of them can be 
tolerated in the reactor. Some of the fission 
products also act as bad “poisons” for the same 
reason, and their build-up can determine how 
frequently the fuel has to be purified. In 
general, the higher the U*** content in the fuel, 
the greater the flexibility of the design in this 
regard, and the more of those materials which 
have moderate or high capture which can be 
tolerated. 

It follows from what has been said above that 
excess plutonium extracted from one reactor can 
be used for enriching new reactors, or even in 
reactors which would consume plutonium alone.* 
Here again, if this objective is designed into the 
reactor, the design of the fuel elements will be 
drastically influenced. 

Natural thorium (Th***) in itself is not a 
fissionable material as used in reactors; however 
it captures neutrons to form Th***, which decays 
through an intermediate step with a half-life of 
about 27.4 days into U*** which is a fissionable 
atom. Thus, it is theoretically possible to use 
an alloy of thorium and U*** for a fuel element. 


*Eprror’s Note — Plutonium metal and its use 
in reactors will be considered in a four-session con- 
ference at @’s National Metal Congress and Exposi- 
tion in Chicago, Nov. 4 and 5. See program section 
starting on p. 66 of this issue. 
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If the reactor is designed as a breeder, the U*** 
will maintain the chain reaction until sufficient 
U8 builds up to sustain it and in this way the 
Th232 can be burned. (Either U?** or Th?** 
can be used in a “blanket” around the reactor 
core to capture the neutrons which might other- 
wise escape; in so doing they produce a certain 
quantity of fissionable material which can be 
extracted economically by processes similar to 
those used with the fuel elements. ) 


Radiation and Corrosion Effects 


When an atom in a fuel element fissions, it 
liberates a great deal of heat which has to escape 
through the surface of the fuel element. (This 
is the heat that is useful in producing electric 
power, since the only practical way for utilizing 
nuclear energy now known is to substitute a 
nuclear reactor for the firebox in a boiler plant. ) 
The heat is removed by a coolant which then 
goes to a heat exchanger. The center of the 
fuel element will be much hotter than the sur- 
face. Attention must be paid to how well the 
fuel material conducts heat and (if it is a solid 
fuel) whether it has any phase transitions which 
will warp it or change its properties. Another 
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Fig. 3 — Looking Down Into 
Pressure Vessel of Experimen- 
tal Boiling Water Reactor Show- 
ing Arrangement of Fuel Ele- 
ments. Each is an assembly of 
six long plates, accurately spaced 
to permit circulation of coolant 
(water). Each plate has a core 
of uranium alloy, clad in “Zirca- 
loy-2” for resistance to purified 
water at 600 psi. The uranium 
alloy contains 5% Zr, 1.5% Cb 
and 93.5% U enriched to twice 
its natural content. of U” 
The reactor produces enough heat 
to generate 5000 kw. of electric- 
ity which is fed into tl« 
laboratory's distribution .systen 


difficulty which has to be foreseen, and the fuel 
element must be designed so as to prevent its 
occurrence, is that certain materials disintegrate 
under radiation. When fission occurrs, or radio- 
active atoms disintegrate, or neutrons are collid- 
ing with atoms, the atoms recoil. This ma\ 
cause some types of microcrystals to grow in one 
dimension and shrink in another. Such growth 
can distort the fuel elements and even rupture 
them, thereby shutting down the reactor. It 
must be remembered that materials in the reactor 
core become intensely radioactive and all repair 
work must be done behind shields and under 
remote control. Long shutdowns, besides being 
troublesome and inconvenient, can greatly in- 
crease the cost of power. 
Uranium, thorium and many of their alloys 
are very active metals, particularly when hot. 
They can react with the coolant solutions or with 
neighboring substances. For this reason many 
fuel elements are “canned” with some material 
which will prevent fission products from getting 
into the coolant stream where they would build 
up a lasting radioactivity in that part of the 
system, its piping, pumps, heat interchangers 
and so on. This canning or coating material 
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must also be of such a nature that it does not 
absorb too many neutrons. Further, the heat 
must pass through the thin coating and since 
the amount of heat which has to be removed 
per square inch of area is very large, its thermal 
conductivity must be excellent. This frequently 
requires a metallurgical bond between can and 
fuel. The higher the energy at which the power 
reactor is to be operated, the better the heat 
conduction has to be and the more formidable 
the problem. It might be solved for low-energy 
power reactors just by having a tightly fitted 
can, but high-energy reactors require special 
means of getting the heat from the fuel element 
through the can to the coolant. 

Some fuel element alloys will not be attacked 
by the coolant to be used. New problems then 
arise because the coolant stream and handling 
equipment as well as the interchanger will be- 
come intensely and permanently radioactive 
from the fast recoils. Any work on this system 
would have to be done by remote control. 
Further, the materials used in making the fuel 
element noncorrosive greatly increase the diffi- 
culties in the chemical reprocessing. (This is 
true also for the materials used for the cans or 
the bonding alloys.) 

It is obvious from the above statements that 
the geometry of the fuel elements can play a 
very decisive role in how the heat is removed 
from the element. 

In homogeneous reactors (where the fission- 
able atoms are held in solution, as a fine suspen- 
sion, or as a liquid alloy) many of the problems 
such as shape stability, radiation damage, and 
large inventories in fuel reprocessing cycle are 
minimized, but new ones appear. Corrosion 
of the pipes conducting the fluid is greatly 
enhanced. The problem of mass transport — 
where the fuel fluid dissolves materials at the 
hotter parts of the reactor and deposits them in 
the colder parts — can become very troublesome. 
If aqueous solutions are used, the gas generated 
by the radiation has to be disposed of. 

“The above listing of factors to be considered 
in designing a fuel element is not meant to be 
exhaustive but rather points to a greater com- 
plexity of the problem. It sharply points out that 
anything done to the fuel element can decidedly 
affect the design of the reactor. This is true 
even for changes which occur in the fuel process- 
ing outside the reactor. If all the uranium or 
thorium is to be consumed, the outside operations 
will have to be performed many times; even in 
many of the advanced designs not more than a 
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few per cent of the available fuel is consumed 
before purification is necessary. 


The Future Reactor 


It is clear that if power reactors are to be 
designed which produce cheaper and cheaper 
power, not only the reactor engineers and 
economists but the chemists, physicists, metal- 
lurgists, chemical, mechanical and electrical 
engineers will have to join forces. What each 
man can do in his area is profoundly influenced 
by what the other men do in their areas, and 
compromises will have to be made to arrive at 
the minimum cost. The compromises which may 
be the best today will not be the optimal ones 
in the next generation of reactors. 

At present our background information in high- 
temperature materials is inadequate to design 
reactors to operate as hot as we would like and 
thereby produce steam of sufficient temperature 
and pressure to take advantage of our present 
state of development in power engineering. As 
this background information accumulates, re- 
actors will be designed to operate at higher and 
higher temperatures. Also, as the atomic power 
industry develops, the ratio of cost of fissionable 
materials to source materials will change for the 
better, and this will result in reactors with more 
highly enriched fuel elements. As more reactors 
are built, their necessary special materials which 
are now very expensive will become cheaper and 
can be used more extensively. 

Inasmuch as the design of the fuel element 
is so intimately tied up with the design of the 
reactor, it is clear that for some time to come 
the design of the fuel element is almost sure to 
be different for each generation of reactors. A 
great deal of the present cost of producing power 
is determined by the type of fuel element used, 
and the way this affects the costs of the fuel 
cycles, the design of the reactor, and the neces- 
sary inventory. Hence, it is in this area that the 
greatest progress can be made in reducing the 
costs of atomic power. 

The author feels that the future power reactor 
will have to be one in which the fuel assemblies 
are simple, the chemical processing minimal, 
and one in which the reactors operate at high 
enough temperatures to take full advantage of 
the thermodynamic efficiencies which the power 
engineers have now achieved in the production 
of electricity by steam turbines. This, he feels 
confident, can be achieved — but it will require 
much development work on the part of many 


workers. 
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—QOur Grandchildren—More Power to Them— 


Wauar WILL the atom mean to our grand- 
children? Assuming that no country will be fool 
enough to start a shooting war, the atom is their 
hope! 

Bearing in mind the expansion of population 
and fantastic increase in the use of power, our 
best experts predict that our supply of fossil fuels 
(coal, oil and natural gas) will be exhausted in 
from several decades to less than 200 years, de- 
pending on our ability to conserve them. The 
need for new sources of power is pressing. With- 
out question, the answer lies in power from the 
fissionable atom (uranium and plutonium ), from 
fusion of the heavy hydrogen in water, and from 
solar energy. The two latter are in the more 
distant future; the nuclear power plants will have 
to provide the bridge over the gap. 

Nuclear power is already being generated. 
Free Europe anticipates 15,000,000 kilowatts of 
electricity by 1967 from this source. For an 
infant the reactor isn’t doing badly — compare 
the output of the power houses at Hoover Dam: 
1,250,000 kw.! 

Remember that a nuclear reactor is simply an 
atomic bomb going off very slowly. It produces 
the same waste fission products. So for a mo- 
ment here I would like to digress and return 
from reactors to “fallout”. To get an idea of the 
quantity of fission products which must be safely 
disposed of, a reactor producing 25,000 kw. of 
electricity for a year will produce about the 
same quantity of radioactive waste materials as 
a l-megaton bomb. Since it has been estimated 
that all the bombs detonated to date, largely over 
a four-year period, have contributed to our at- 
mosphere and stratosphere something like 50 
megatons, this same amount of fission product 
would be g generated in Europe's anticipated elec- 
trical capacity in 1967 in about a month. 

It is true that most of the waste products of a 
reactor are not blown up into the air but con- 
tained in one of several different ways. But 
sooner or later they must be disposed of some- 
where and somehow. Thus the topic hooks up 
with that of “fallout”, which has been of much 
public interest. Statesmen of various countries 
have been heard from, and we have had con- 
demnatory expressions from a host of well-inten- 
tioned but poorly informed people, many of them 
eminent scientists in their own fields. This 
includes Dr. Albert Schweitzer, for whom, as a 
physician and as a lover of music, my respect 
borders on veneration. Yet I wish he hadn't 
written that letter — he was guilty of the scientific 
sin of failing to verify and evaluate his references. 

*Verbatim extracts from remarks by Thomas L. 
Shipman, M.D., health division leader, Los Alamos 
Scientific Laboratory, before New Mexico Bankers 
Assoc., May 25, 1957. 


There seem to be two basic misconceptions 
floating around, One is that the U.S. Atomic 
Energy Commission is holding vital information 
pertinent to the public well-being under the 
veil of “security”. This I can state categorically 
is not so. I have seen most of the classified 
documents on the subject, and I know that essen- 
tially the only information which has not been 
released in an unclassified form is material which 
has no bearing on the health aspects. 

The second misconception is the implication 
that the Atomic Energy Commission and the 
Department of Defense have been willing to play 
fast and loose with the health and safety of the 
public at large. Having been in charge of radio- 
logic safety at two test operations in Nevada, 
and having a finger in the pie of all tests, both 
in Nevada and at Eniwetok since 1951, and 
having six children, I think I am in a fairly good 
position to answer this one: We used the best 
scientific brains available. Not every decision 
was correct, but I cannot feel that anything 
which was done jeopardized your grandchildre n 
or mine or anybody else’s. 

Could it not be that these self- -appointed 
Messiahs, who are crying that the current test 
programs presage the end of the race, are keep- 
ing their eyes on the wrong ball? I claim that 
the present test programs constitute a large-scale 
tracer experiment. It might be nice to have done 
it some other way, but this is the way things have 
worked out. The problem is to protect the 
future. Today we are gathering the data which 
will tell us whether or not our dreams for the 
future will bear sweet fruit or bitter, whether 
or not man himself will be the limiting factor 
to our ultimate progress. Stopping weapons tests 
will not stop production of harmful radioactive 
waste products in power reactors. 

It is quite possible that the medical and bio- 
logical aspects of atomic power may be the 
factors which will determine the rate at which 
progress can be made. I also believe that none 
of our problems are insoluble, even though final 
solutions will require time and money and effort. 

Nowhere within the Atomic Energy Commis- 
sion have I ever encountered a lack of patience 
or an unwillingness to accept either expense 
or delay in order to assure health and safety. 1 
believe that the power problems of our future are 
in pretty safe hands unless someone either from 
malice or stupidity decides to rock the boat. | 
urge your confidence in those who are striving 
to see all of our grandchildren enter into a 
brighter new era, and do it safely. Yes, more 
power to them, atomic power, thermonuclear 
power, solar power! I have the feeling that their 
grandparents are striving honestly to get them 
off to a good start. 
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Assembied main shear shaft and front gate drive range up to 9%” in diameter and 16’ in length. All 
shaft used in model 541 guillotine flying shear. Shafts shafts are fabricated of type 4340 nickel alloy steel. 


Giant ‘‘flying’’ shears need... 


Nickel alloy steel for fatigue strength 
and shock resistance in heavy shafting 


Cutting metal strip is a shaft break- How does The Hallden Machine heavy sections, 4340’s good response 
ing job! Company design shaftingtotakethis to heat treatment provides the tough- 
kind of punishment? ness and fatigue resistance needed. 


It takes enormous blade pressures 


applied as much as 180 times a min- They do it with 4340 nickel- For these reasons, type 4340 is 
ute 250,000 times aday. That’s rough chrome-moly steel. now standard for bull --- main shear 
on the shafting that activates the Some shafts are as large as 914 nd drive box shafting and all other 
shears. inches in diameter. But even inthese heavy-duty shafting. The extra stam- 


ina it delivers pays off for Hallden 
customers in long, dependable service. 

Do you have a difficult or new de- 
sign problem that demands a mate- 
rial with special properties? If so, 


you might find exactly what you need 

in one of the standard grades of 

“4 The booklet “The Properties of 

a AS = Heat Treated Wrought Nickel Alloy 

4 Steels” helps you choose the right 

steel for the job. It gives you useful 

information on the many different 

nickel alloy steels and describes their 

range of properties. Heat treatment 

8 methods... for both carburizing and 

direct hardening steels...is ex- 

— is helpful bulletin. We’ glad to 

a send it to you. 


_ The INTERNATIONAL NICKEL COMPANY, Inc. 
Haliden guillotine flying shear. Nickel-chrome-moly steel, heat treated to a nomi- 67 Wall St. A New York 5, N. Y 


nal hardness of 260 Brinell and tensile strength of 125,000 pounds per square inch 
provides the properties needed for heavy-duty shafting in shearing machines. Built N 
by The Hallden Machine Co., Thomaston, Conn. 


INGO NICKEL 


NICKEL ALLOYS PERFORM BETTER, LONGER 
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13xx-H Series may contain 1.45-2.05 Mn, 0.20-0.35 Si 


Hardenability Bands for Steels 1330-H to 3310-H 


A.LS.L. list of March, 1957. 


| Bart | | | 
1330-H-0.27-0,33 C | |_| 
T 
A: 1600 | A:/550 
LZ = in. 


All boron-treated steels may contain 


0.20-0.35 Si and 0.0005 min. B 


| | TSI4B35-H 


0.32-0.38C, 0.65-1./0 Mn 


| | 7S14B850-H| | 
0.47-0.54C, 0.65~-1/0Mn 


N 
N 1600 \ A. 
A:1550 
© 
LV 


2517-H may contain 0.30-0.70 Mn, 0.20-0.35 Si, and 4.70-5.30 Ni 


ckwell Hardness, C-Scale 


R 


| 2517-H: 0.140.206 

a N:1700 

A:1550 

ISS 3-9 


3lxx-H Series may contain 0.20-0.35 Si, 1.00-1.45 Ni, 0.45-0.85 Cr 


Distance From Quenched End 


METAL PROGRESS DATA SHEET, OCTOBER 1957; P. 112-B 


3135-H:0.32-0.3ec |_| | 3/40-H:0.37-0.44¢|_ 
0.50 -0.90 Mn 0.60- 1.00 Mn 
we 
| | 
2 4 8 /2 /6 Se 
3310-H may contain 0.30-0.70 Mn, Distance From Quenched End 
0.20-0.35 Si, 3.20-3.80 Ni, and 1.30-1.80 Cr 
33/10-H:0.07-0.13C_ 
° N:1700} N means normalizing temperature for forged 
ind D lo |x or rolled material; A means austenitizing temper- 
re B ature (both as recommended by S.A.E.) 
| | Hardness limits are specified in Rockwell 
cee C-scale units (no fractions) and can be scaled 
| from the plotted points where not labeled at 
12 146 20 24 28 32 even sixteenths. 
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Craftsman Rotary Power Mowers, made by Newark Stove Co., 


Newark, Ohio, are sold exclusively by Sears, Roebuck and Company. —— 


WHY SEARS, ROEBUCK MOWERS 
TAKE SHOCK AND ROCK IN STRIDE 


Billions of grass blades — as well as 
blade-dulling twigs and pebbles — 
are the normal diet of rotary lawn 
mower blades. To assure gardeners 
of keen-edge service through years 
of use, Sears employs an austemper- 
ing technique using AEROHEAT 
Heat Treating compounds. An im- 
portant bonus is freedom from warp- 
ing — cutting rejects and assuring 
the performance qualities designed 
into these sturdy Craftsman mowers. 


SAE 1065 steel is heated 6 min. at 
1575°F in AEROHEAT 1200 and 
quenched for 6 min. at 610°F in 
AEROHEAT 300. A one-minute cold 
rinse and 14-min. hot water rinse 
at 180°F completes the treatment, 
austempering to 42-48 Rockwell C. 


Decarburizing is prevented by the 


built-in rectifier of AEROHEAT 1200 
—and the AEROHEAT 300 quenching 
bath is a stabilized nitrate-nitrite 
salt of high purity. This combina- 
tion gives Sears, Roebuck low-cost, 
trouble-free production, flexibility 
and high throughput. 


Your own heat treating operation, 
large or small, can benefit from the 
engineered performance character- 
istics of AEROHEAT and AEROCARB® 
heat treating compounds. 


Cyanamid’s heat treating com- 
pounds include: 


AEROCARB Carburizing 
Compounds 


AEROCASE® Case Hardening 
Compounds 


AEROHEAT Heat Treating Salts 


Other products for metal processing 
include: 


AEROBRITE® Metal Processing Aids 
AEROSOL" Surface Active Agents 
AERO* Metallic Stearates 
AEROMET® Metallurgical Additive 
AERO’ Calcium Carbide 


Acids, Alkalis and other Heavy 
Chemicals. 


American Cyanamid Company, Met- 
al Chemicals Section, 30 Rockefeller 
Plaza, New York 20, New York. In 
Canada: North American Cyanamid 
Limited, Toronto and Montreal. 


*Trodemork 


METAL CHEMICALS SECTION 
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Bausch & Lom Salutes: 
Robert M. Slepian 


Blue Ribbon Award Winner, A. 8. M. Metallographic Exhibit 


BLUE RIBBON AWARD 
WINNER for best photomicro- 
graph in its class . . . Mr. 
Robert M. Slepian, Westing- 
house Electric Corporation, 
East Pittsburgh, Pa. 


=. 


HIS AWARD-WINNING 
PHOTOMICROGRAPH, 
MADE WITH 

BAUSCH & LOMB 
EQUIPMENT—"'An Unusual 
Cluster of Short Narrow 
Twins in Hyper-Pure Silicon.” 


Bausch & Lomb Metallographs 

help industry boost output and maintain 

quality by providing detailed magnified images— 

visual or photographic—for routine work and advanced research. 

Ease and comfort are basic design features of the B&L Balphot Metallograph—one of a complete line of 

metallographic equipments. You sit relaxed, with all major controls within effortless reach. A flick of a 

switch provides clear, sharp images for microscopy ... for group viewing (with exclusive Magna-Viewer 
projector screen) .. . or for photomicrography. 

Find out how these faster, easier, completely dependable analyses can help 

you save on time and materials. Write for Catalog E-232, 

and for complete expert advisory service. 
No obligation, of course. Bausch & Lomb Optical Co., 
63822 Paul Street, Rochester 2, N. Y. 


America’s only complete optical source... from glass to finished product. 


Visit Bausch & Lomb Booth 1054, 
National Metal Show, Chicago, 
November 4-8 


112-D METAL PROGRESS 


: 

| 

2 SQ 
_ 
ZA 

LE 


The Future 
of 


High-Temperature Metallurgy 


Future advances must be conceivable, feasible and desirable. 


By L. P. JAHNKE* 


On this basis the author considers the effect of purity 

(both chemical and structural), especially of alloys 

based on columbium, molybdenum or tungsten, and predicts that 

by A. D. 2000 we will have alloys of useful strength up to 5500° F. 


F onecastinc the relative position of 
humanity and a technology merely 10 to 20 years 
hence is not too difficult. One merely assumes 
that the projects now entering the development 
laboratory will be successful. But trying to 
project this technology an additional 30 years is 
more hazardous by several orders of magnitude. 
New ideas, uncovered only vesterday in those 
few places where basic research is truly allowed, 
must be comprehended and their impact on 
practical metallurgy extrapolated. This requires 
imagination and wisdom beyond possibility. The 
difficulty is compounded, since new concepts 
spring into existence from the pressures of such 
unpredictable forces. Only a few glimpses of 
vistas in the far future are seen by men of 
rare ability, and these are far too fleeting to 
form a scene. 

Nevertheless, a speculation about the future 
of high-temperature metallurgy is enjoyable — 
particularly now when humanity is so certain 
that anything which can be expressed is soon 
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forthcoming from the scientist's laboratories. 


This is not true, of course. There are limits, and 
prophesying can be at least partly useful and 
still enjoyable only if the prophet sufficiently 
qualifies his re ‘marks. For instance, the things 
which certainly may be accomplished must 
satisfy three requirements: First, man is now 
able to imagine them. Second, they do not con- 
tradict any of the laws of nature which man now 
perceives. Third, a motivation exists for their 
practical accomplishment. In brief, the advances 
must be conceivable, feasible, and desirable. 

These are necessary qualifications but they 
only apply to the point of time when the 
prophecy is being made. What makes so many 
old prophecies so ridiculous is the fluctuation 
in man’s ability to imagine, in his understanding 
of nature’s laws, and in his ability to justify his 
efforts. Of the three factors, perhaps the most 


*Manager of Metallurgical Engineering, Applied 
Research Operation, Aircraft Gas Turbine Div., 
General Electric Co., Cincinnati, Ohio. 
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Useful Strength 


Temperature 


important and the least heeded is the necessity 
to understand the physical laws which we 
already have tentatively established. Imagining 
impossible things is dangerous because it is so 
easy; it is most important to recognize the limits 
beyond which truly monumental difficulties exist. 


It is also important to be sure the limits we see 
are true limits. 

The knowledge of these probable limits is 
supposed to be learned by us in our universities. 
Unfortunately, the hard-won fundamental knowl- 
edge is often treated, if at all, with frightening 
glibness, with the result that many earnest and 
capable technologists are frustrated by spending 


Fig. 1—As the Tempera- 
ture Front is Raised, Strength 
Must Also Be Improved 


Useful Level 


their lives fighting opposing rules of the uni- 
verse. There is, of course, a danger in the tacit 
acceptance of existing limits, but there is no 
substitute for understanding why other men 
have believed that these limits exist. 

With this as background and general ground 
rules we should try to peer as far ahead as we 
can, but later be unafraid to ignore or be amazed 
at our misconceptions. In this essay we are 
concerned with high-temperature metallurgy and 
its potentialities. The motivating force for ad- 
vance exists and evidently will continue to exist 
from our efforts to improve power-producing 
equipment of all types. The most probable 
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Recrystallization Temperature, °F. 


Fig. 2 — Recrystallization Tem- 
peratures of Cold Worked Pure 
Metals Are Proportional to Their 


3000 4000 
Melting Point, °F. 


5000 6000 


Melting Points and Are Rough- 
ly Equal to the Temperature 
of Rapid Creep Under Stress 
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Fig. 3 — Short-Time High-Temper- 
ature Tensile Strength of Refrac- 
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tory Metals (Unalloyed) Is About 
the Same at the Same Fraction 
of the Absolute Melting Point 


Tensile Strenght, 1000 Psi. 
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directions of our efforts will be toward useful 
strength at ever higher temperatures and toward 
less variable and more reliable metals. For our 
present purposes we can disregard such difficult 
problems as the depletion of ore resources and 
the high cost of certain desirable metals. We 
also will think only of the advancing front of 
temperature, although it is realized that improve- 


ments in strength must be made as temperature 
limits rise, as sketched in Fig. 1. 
Present Status — Figure 1 will help to show 


where we are now. (In our rapidly moving 
technology, as in an airplane, it is difficult to 
fix your location.) Where we are, in degrees 


Fahrenheit and useful strength, naturally de- 


MELTING 


UsEFUL PEer- 

STRENGTH* CENT- 

AT AGEt 
1200° F. 650° F. 


Base METAL 


Magnesium 

Aluminum (conven- 
tional alloys) 

Sintered aluminum 
powder 

Titanium 

Iron (martensitic 
alloys) 

Iron (austenitic 
alloys) 

Nickel 

Cobalt 

Columbium 

Molybdenum 

Tungsten 


1200 


‘1200 
3020 


2800 


2800 
2650 
2720 
4400 
4760 
6170 

*10,000 psi. for 100 hr. 

tFigured on absolute temperature; that is, tem- 
perature for useful strength plus 460 divided by 
melting point plus 460. 


1600 63 
2000 79 
2000 77 
2450 60 
2700 60 
2600 46 
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pends on our base-metal system. “Useful 
strength” is here defined as the ability to sustain 
10,000 psi. for 100 hr. without fracture, and the 
table below at left indicates that in the 20 to 25 
years of fairly constant effort on high-tempera- 
ture metals, the best we have done is to obtain 
useful strength up to 75 to 80% of the absolute 
melting point. 

The results outlined in the table below have 
been accomplished by truly remarkable work, 
almost all of an intuitive nature. While useful 
mechanical analogies of the process of hardening 
of metals were devised at least 40 years ago, no 
basic understanding of what caused strengthen- 
ing has existed and only glimmerings now exist. 
We do have many empirical rules with which 
we can make rapid progress in new systems, 
but it is generally agreed that useful strengths 
at absolute temperatures above 80% of the base 
element's absolute melting point will be very 
difficult to attain. There are, however, at least 
two possibilities which, if successful, could raise 
this limit to 90 and even 95%. These will be 
discussed later. One was used already in SAP 
(sintered aluminum powder) which the table 
shows has pushed its figure in the last column 
up to 82%. 

Present Limitations — When considering the 
high-temperature possibilities of a pure metal, 
the first limitation is the recrystallization tem- 
perature of the highly cold worked metal. This 
is where the thermal energy of the atoms is 
sufficient to allow appreciable movement. If 
the metal is stressed under these conditions, 
creep is also rapid and rupture follows. Figure 
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Fig. 4— Two Methods of Strengthening Metals 
by Increasing Interatomic Strain, Either by 


2 shows the remarkably good correlation that 


exists between melting points and minimum 
recrystallization temperatures. Thus, the useful 
temperature limit of a fairly pure metallic 
element is roughly defined by this band and is 
generally from 35 to 45% of the absolute melting 
point. A corroborative finding is that the short- 
time tensile strengths of pure metals are very 
nearly the same at the same percentage of the 
metal's absolute melting point, as shown in Fig. 3. 

These data fairly well define the limitations 
of unalloyed metals for high-temperature 
strength. We are most heavily restricted by melt- 
ing points, which are measures of the forces 
which maintain the atoms within their lattice 
locations. 

I have gathered some information about the 
development time it takes to push the maximum 
temperature for strength from the 35 to 45% of 
melting point for a pure metal up to the 70 to 
80% level by any means whatever for alloys 
based on that metal. Generally, in 12 to 15 
years we will have progressed nearly as far as 
we will go. The following 5 to 10 years yield 
small but always important gains. Systems 
based on the various metals provide varying 
resistance to being pushed up in this way. Some 
start slowly and seldom reach their full potential. 
Others are more rapid, due to the metallurgist’s 
good fortune or to the largesse of nature. 

We are nearly at the limit for aluminum, 
nickel and cobalt. Their temperature increases 
occurred at about an average rate. Iron alloys 
(useful strength up to 56 to 63% of melting point, 
absolute ) were surpassed by nickel and cobalt, 
and never have reached a high level; iron alloys 
represented a tougher problem and success with 
the nickel and cobalt systems relieved the exist- 
ing motivations. Columbium and molybdenum 
have started fast due to the background of 
empirical rules for alloy development derived 
from work on nickel and cobalt. Tungsten has 
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Inserting Atoms Within the Lattice or by 
Substituting Other Atoms of Different “Size” 


really just begun its development but should 
also proceed quite fast. Titanium is strongly 
resisting efforts to advance its temperature of 
usefulness. 

I will not presume to discuss in any detail the 
principles used in alloy development. Briefly, 
as shown in Fig. 4, we dilute the base metal 
with different sized atoms which tend to increase 
the lattice strain. Or, as in Fig. 5, we arrange 
for the dispersion of fine, hard particles which 
restrict the movement of dislocations and thus 
of grain boundaries. Often we alloy for oxida- 
tion resistance, or for grain size refinement. 
Eventually, we do all of these simultaneously, 
and by doing so successfully we move up the 
temperature for useful strength (10,000 psi. for 
100 hr. safety) from 40 to perhaps 80% of the 
melting point in absolute temperatures. 

The boost in aluminum shown in our table at 
the outset from 67% (second line) to 82% (third 
line) was attained with a new concept which 
may be good for boosts in all base systems — 
even to 90%. This unfortunate symbol SAP 
stands for “sintered aluminum powder” which 
has its remarkable high-temperature strength 


Fig. 5 — Method of Strengthening Alloys 
by Precipitating a Dispersion of Fine, 
Hard Particles in the Main Crystals 
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because fine, insoluble particles of Al,O, are 
cleverly dispersed throughout the structure. In 
most other systems, the particles we have inserted 
in one way or another either dissolve or agglom- 
crate at high temperatures, and their strengthen- 
ing value is lost. But if the insoluble particles 
are fine enough and have proper coherency with 
the basic lattice structure, the possibility of an 
additional 10% (of melting point) should be 
attainable in any system. Such efforts are pro- 
ceeding now in many laboratories and offer one 
of the hopes for important future advances. 

Perfect Structures— There is another possi- 
sibility, more long-range and surely more “dra- 
matic” (if the Editor will permit the cliche) 
which may give useful strengths practically to 
the melting point itself. It was mentioned that 

easy movement of dislocations and high-temper- 

ature weakness go hand hand and that we 
could resist these movements with some success 
by adding different sized atoms and fine, in- 
soluble particles. But if the dislocations can be 
entirely eliminated, truly remarkable strengths 
are attainable at low temperatures as well as at 
high temperatures. 

This is not altogether hypothetical, for metal- 
lurgists in several laboratories have successfully 
grown tiny, single-crystal “whiskers” of many 
metals which are free from damaging disloca- 
tions and imperfections. 
one direction only. 


These whiskers grow in 
They generally form by 
metal deposition from a gaseous phase (such 
as halide reductions and distillations ). 

One series of tests on pure copper whiskers 
(0.0025 mm. diameter) showed yield strengths 
in excess of 50,000 psi. This is at least six times 
the yield strength of commercial copper. 
Similarly, tensile strengths of 2,000,000 psi. have 
been measured on iron whiskers. 

The fibers have other remarkable properties: 
If bent and reheated, they return precisely to 
their original shape. “Whiskers” are nearly 
perfect crystals both in purity of material and 
purity of structure. This is what nature intends 
us to have, and the imperfections in normal 
metals are there as a monumental challenge. 
Here is another glimpse into the future. 

Purity — The perfection of these metallic 
hairs leads to comments on improvements in 
alloy melting and processing. In the past five 
years, we have been melting nearly all high- 
temperature alloys in vacuum. These are im- 
perfect vacuums at best, but they allow a vast 
improvement over the same nominal alloy melted 
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in air. We have achieved a new order of magni- 
tude in purity. We can exclude most of the 
elements (especially gaseous) which we don't 
want and more carefully control the amounts 
of those we do want. Thus, we achieve benefits 
in strength and benefits toward the other desir- 
able goal, namely, reproducibility. 

In fact, reactive metals such as _ titanium, 
molybdenum, columbium, chromium and tung- 
sten simply cannot be melted in air because they 
react with oxygen and nitrogen so violently. 
The metals must of course be protected from 
oxygen and nitrogen when hot. This is a major 
oroblem in some applications and is beyond the 
scope of this article. Present vacuum melting 
follows two general methods — induction and 
arc. Induction melting allows long times for 
the vacuum to suck volatiles from the molten 
bath, but this increases the possibility of con- 
tamination by refractories in the furnace. Are 
melting generally results in purer materials, for 
the metal usually comes from consumable elec- 
trodes and accumulates in water-cooled copper 
molds. Solidification is rapid and metal tem- 
peratures in the are are very high. 

There are yet better purification methods than 
these. Zone melting, already in use in the pro- 
duction of the superpure metals required by the 
electronic industry, “floats out” the impurity 
elements by moving a molten band of metal 
slowly along a bar again and again. Another 
is levitation melting, where the metal is held 
in evacuated space by a high magnetic field in 
contact with nothing, and is melted there by 
induced electric currents. This method can now 
be used for tiny amounts of metals. The adap- 
tation of these processes to larger quantitiy pro- 
duction will be difficult, but possible in coming 
years. A yet more recent vacuum melting tech- 
nique is electron-bombardment me Iting which 
uses the same principle involved in X-ray tubes. 
The “target” becomes the metal to be melted. 
Very excellent vacuums are necessary and a 
remarkable degree of purification seems possible. 

All of these methods increase purity of com- 
position, or at least allow us to achieve controlled 
purity, and thus higher reproducibility in the 
alloys. Methods to achieve purity of structure 
in large pieces, as we now do in the tiny whiskers, 
are not available and seem to be at least several 
decades away. 

For the reactive elements (Ti, W, Cr, Mo, Cb) 
which require vacuum melting*, further process- 


* See article by W. E. Jones, p. 133, this issue. 
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ing into desired shapes should also be done in 
controlled, inert atmospheres. Already one of 
the alloy producers is constructing a large room 
from which air will be excluded, in which these 
alloys can be forged by remote control without 
danger of gas absorption or oxidation. 

The Prognostication— With these things we 
approach the place where we can make a reason- 
ably sure prognostication. We have ahead of 
us the development of columbium, molybdenum, 
and tungsten alloys, the increasing use of melting 
and processing methods which tend toward 
greater perfection in control of purity, and the 
addition of controlled amounts and sizes of 
stable (insoluble) strengthening particles. 

If we combine all these, what are the expecta- 
tions, not only as to date but as to temperatures 
at which useful strengths will be available? 
Figure 6 presents this prediction. 

Presuming that our rules of alloy development 
allow us to attain useful strength at temperatures 
up to 80% of the melting point, it appears that 
we could be near to the end of these possibilities 
by 1980 or 1985. If stable phase additions are 
successful, we can add another 10% to the height 
of the curve. If perfect crystals can be obtained 
and used, an additional 5% may be available 
(plus extreme strengths at lower temperatures). 
If most of these ideas are successful, it is quite 
possible to have useful strength close to the melt- 
ing point of tungsten, say 5500°F. Even with 
the best of luck, this will occupy us through the 
readers’ useful careers, or probably up to the 
year A. D. 2000. 

Of course we cannot stop here; ever higher 
temperatures will be required. The limit we 
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1980 


now see is simply related to the melting point 
of tungsten, whether it be 80% or 99% of it. The 
tools and knowledge to attain this are nearly all 
within our grasp. The problem for the 2lst 
Century may well be to increase the melting 
points by tricks of physics which we can scarcely 
imagine now. There is, however, at least one 
evident possibility: 

You may have read about the use of extremely 
high temperatures and pressures to make arti- 
ficial diamonds. This same technique has pro- 
duced a new crystalline structure of boron nitride 
which is as hard as diamond and many times as 
hard as nature normally makes boron nitride. 
Applied to metals, these techniques could pos- 
sibly do what we want — increase their melting 
points by achieving a new stable lattice structure 
in which the atom bonds are stronger than the 
ones we now know about. 

The limit of this concept, which —even if 
possible — must surely be hundreds of years 
away, would be to force the atomic nuclei very 
close together. This state exists in certain stars. 
If such were accomplished, not only would 
melting points practically cease to exist, but 
densities would be fantastically high. 

Thus, the pathway is reasonably clear for 25 
years, but becomes progressively more cloudy 
beyond that. With men of sound fundamental 
training, allowed freely to inquire about funda- 
mental truths, clearer visions will come. With 
men to grasp these visions and transmit them, 
imaginatively, into things of value to humanity, 
progress will be certain. There are places for 
men of both types in this most important and 
exciting field of science. =) 
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BBook Review ... 


A Survey of 
American Foundry Practices 


Reviewed by GEORGE F. WATSON* 


PrincipLes OF Castine, by Richard W. 
Heine and Philip C. Rosenthal, McGraw-Hill 
Book Co., New York, 1955. 639 p. $7.50. 


Tue FOUNDRY INDUSTRY in its varied com- 
plexity does not lend itself readily to a thorough 
discussion within the confines of one book. Each 
of the problems of pattern making, sand control, 
melting practice, metallurgy and mechanization 
deserves a complete volume without undue 
elaboration of the text. In fact, there is suffi- 
cient material for additional volumes on foundry 
practice for each of the major divisions: the 
light alloys, the copper-base metals, cast irons 
and steel. 

Mr. Heine and Mr. Rosenthal have en- 
deavored to survey the entire foundry field in 
627 pages of text ranging from molding ma- 
chines and mechanization to the theoretical 
treatment of solidification, feeding of metals and 
metallurgy of steels and gray iron. 

According to the preface, this work is designed 
and written as a text for college foundry work 
in two different courses at the beginning level. 
One course is for metallurgical engineers who 
need the theoretical approach, and one is for 
mechanical engineering students who must be- 
come familiar with the properties and the limita- 
tions of castings. 

For the beginning student in either of these 
courses, this book is admirably suited. It not 
only describes the various processes in some 
detail, but has complete and up-to-date refer- 
ences for further study at the end of each chap- 
ter. There are, for example, 44 references on 
gray iron foundry practice, and 33 on gray iron 
metallurgy. These references are limited mostly 
to articles in A.F.S. Transactions and Foundry 
magazine. 


The equipment used in the modern foundry 
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is thoroughly discussed and many pictures and 
diagrams are included. Molding machines of 
various types, core blowers, melting equipment, 
sand testing and even cleaning and inspection 
are covered. However, this text should not be 
considered a reference book for the operating 
foundryman, since it cannot be used to solve 
difficult problems in the foundry. But it can 
be of value to a foundryman as review of many 
new things that have appeared in the literature 
since World War II. For instance the two chap- 
ters “Solidification of Metals” and Pouring and 
Feeding Castings” could be read with apprecia- 
tion by most practical operating foundrymen. It 
may be impractical to write one book that bears 
the same relation to the foundryman that @ 
Metals Handbook does to the metallurgist. 
“Principles of Metal Casting” does as well in 
this respect as could be expected of one text. 

It is hard to criticize a volume that has covered 
so much ground in a large and complex subject 
so well, but it would appear that some subjects 
could have been left out so as to strengthen other 
more vital subjects. Molding equipment and 
mechanization are discussed in about 30 pages 
of text that could tell the student little about why 
each molding machine has a definite place in 
production and what it is. Possibly the mechani- 
cal engineering students would gain something 
from this chapter, but it would seem that this 
space could have been used to elaborate more 
fully upon more fundamental considerations. 

Molding and core sands are adequately treated 
in two chapters although more emphasis might 
have been warranted. Methods for testing 
sands are described at some length, but too little 
is said about what the tests mean. The molding 
sand defects that plague foundrymen such as 
scabs and buckles, are mentioned on only three 
pages and those due to core sands, such as 
blows, are not discussed at all. 

The book is a valuable addition to our growing 
library of foundry literature. Many high school 
students at the advanced level and many stu- 
dents at the beginning level in college should 
find it a valuable textbook. ) 


*Ceramic Engineer, Research Center, American 
Brake Shoe Co., Mahwah, N.]. 
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Los ANGELES, CALIF. 


To THE Eprror or METAL Procress: 


I will be a senior in West Los Angeles High 
School next year. I get good grades, especially 
in math and science. Last week, one of our 
neighbors talked with me about going to college 
to learn to be a metallurgist. He left me your 
magazine and asked me to read the part about 
how much we need metallurgists in this country. 

I saw our neighbor yesterday and he answered 
a lot of the questions I had about what sort of 
work metallurgists do. Some of my questions, 
though, he said he didn’t know the answers to 
and maybe I should write to you. These are the 
economics kind of questions. You see, we had 
some economics in our Social Studies in school, 
and my Dad (he teaches it in the University), 
helped me understand some of it real good. You 
know, about supply and demand and how they 
make prices go up or down, how markets work, 
why prices reflect the values people put on 
things, etc. 

From your magazine, I learn I can make $2.20 
to $2.70 an hour if I go to college for four years 
and become a metallurgist. This seems funny 
to me because I'm now getting $2.10 an hour 
running a drill press at Douglas Aircraft during 
school vacation. It only took me a month to 
learn how, and I got paid while I learned. Some 
of my friends’ Dads work as an electrician and 
a carpenter. They get $3.90 to $4.50 an hour. 
I read in the paper where plasterers and hod 
carriers are being raised here to $4.50 an hour. 
They don't have to go to college. 

In Social Studies we learned that the price 
for anything represents both the cost for making 
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Why Be a Metallurgist? 


An interchange of letters relating to the 
green insert in July Metal Progress. 


it and the demand, or how much people value 
it in dollars. It seems to cost more to become a 
metallurgist than an electrician, yet the price of 
electricians is higher. My question, then, doesn't 
this mean we need electricians more than metal- 
lurgists? My friend’s Dad says electricians aren't 
looking for more people to learn to be elec- 
tricians. He says if there were more, they 
wouldn’t make so much. Our teacher explained 
that when the supply of anything increases, the 
price drops in the market. You know, like when 
chickens lay lots of eggs they are cheaper. It 
seems kind of funny to me to have a Society for 
metallurgists wanting more of them when people 
don’t seem to want them so much and when more 
would lower their price. 

Maybe it’s just because a college teacher wrote 
all that about nee ding me tallurgists. I'll bet that 
college teachers need lots of people going to 
college because if so many people don't go to take 
metallurgy, people who teach metallurgy might 
have to pump gas or something. 

Maybe your magazine is for companies in the 
metal business. It looks awful pretty and ex- 
pensive for metallurgists to buy if they are not 
very rich. I can understand, too, how companies 
in the metal business will want more metal- 
lurgists so they won't cost so much. My Dad's 
economics magazines look scroggy — no ads ex- 
cept for books. They don’t talk about needing 
more economists, although if they had more to 
buy the magazines they could be prettier, too. 

My Dad should write something about eco- 
nomics for your magazine. My neighbor who is 
a metallurgist says he never had any Social 
Studies in school like I did. He says now he 
wishes he had. Ancoman 
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The Editor’s Reply 


CLEVELAND 
Dear Mr. Alchian: 


Your very interesting letter of July 30 has 
arrived, Its theme is primarily economics — 
dollars and cents —so let us stick to that level 
for the first part of my reply. 

You compare your hourly wages of $2.10 as 
drill press operator requiring a month’s training 
with wages of $2.20 to $2.70 for four-year engi- 
neering graduates. I wonder if you realize that 
these are starting wages. I do not know what 
machine operator's wages in the Los Angeles 
region are after 20 years’ experience, but I 
imagine they cannot be higher than the $3.90 
to $4.50 you quote for your friends’ fathers who 
are electricians and carpenters. For a 40-hr. 
week and 2000-hr. year (assuming full employ- 
ment) this means $7800 to $9000 per year, and 
they are ceiling wages, wages fixed by the union 
contracts and not by the man’s ability. Even 
so these wages may look pretty good when you 
compare them with the results of a recent study 
by Engineers’ Joint Council of salaries of 108,000 
engineers, which shows that average salaries of 
all engineers 20 years after graduation is $10,000. 
However, the upper quartile is $12,000 and is 
still on the up-grade. This means that one 
quarter of all engineers get more than $12,000 
per year after 20 years of experience, and that 
their salaries get still higher as their experience 
increases. 

(A recently completed survey of incomes of 
members of the American Society for Metals 
that “metallurgists” and “metallurgical 
engineers” with 20 years’ experience have an 
average salary of $12,603 — $2600 more than 
engineers as a group — that the salaries continue 
upward with extended experience, and that the 
highest salary reported for a metallurgist with 
20 years’ experience is $46,000. ) 

On the basis of these figures — the economics 
of it—you can conclude that if you are good 
enough to be in the top quarter of your group 

(and your thoughtful letter shows ‘that in all 
likelihood you are) you will be a little behind a 
machinist or any other artisan for the first few 
years of your working life but will steadily move 
on ahead of him as the years go by. Further- 
more, if you are real good and have good luck, 
you can far outdistance the trades unionist in 
dollars and cents — unless he gets into a situation 
like Dave Beck's. 


shows 


So much for the economics of the situation. 
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Now for some intangibles: 

If you are content to become a part of a ma- 
chine, by all means stay with the drill press. But 
are you sure you will be satisfied with that very 


long? If you are content to work on routine jobs, 
as the boss directs, become a plumber or a plas- 
terer. But are you sure the plumber’s life is for 
you? If your imagination is fired by Los Angeles’ 
free-way system and interchanges, by a jet en- 
gine or aircraft, by an earth satellite, a nuclear 
reactor, by a telephone, television or communi- 
cations system, by automatic machinery — then 
by all means become an engineer. You will find 
that the field of engineering is expanding at al- 
most an explosive rate, that the only limits of 
your personal and professional development will 
be set by your own mental capacity and person- 
ality. You will before too long get to a point 
where the salary problem is so minor you will 
forget all about it. 

But that’s only if you're good, really good! If 
you're a second rater, forget about it. You'll be 


happy as a plasterer. E. FE. 


P.S. I forgot to answer some of your implied 
questions. The green insert was not written by 
a college professor looking for more students. 
It was written by me, and reflects my life-long 
impression that American industry could absorb 
more college-trained men in metallurgy than are 
being graduated. Most men now serving as 
metallurgists and metallurgical engineers gradu- 
ated in other branches (such as civil, mechanical, 
electrical, chemical) and got their metallurgy 
on the job and from their membership in the 
American Society for Metals. This impression is 
borne out by some statistics: The American 
Society for Metals (whose members are interested 
in production and fabrication of high-grade 
metals and alloys, and equipment for such work ) 
now has a membership of 28,250 and is growing 
at the rate of 1300 a year, yet only 600 to 650 
metallurgical degrees are given each year in all 
the universities of the United States and Canada. 

Thank you for your appraisal of Metal Progress 
as a good- looking magazine. It also makes 
money. (There’s economics again!) The money 
comes fom advertising. The advertisers spend 
this money because they are convinced that the 
readers of Metal Progress (who are the members 
of the American Society for Metals) have strong 
influence on the purchase of the products they 
advertise. It’s as simple as that! E.E.T. 
(Another reply to Mr. Alchian appears on p. 146) 
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What’s in the Literature? 


By TRKANK T. SISCO* 


Searching of metallurgical literature is now so costly in time 


of high-grade men that it is frequently cheaper to get a direct answer 
by laboratory research than to find out whether someone else 

has recorded his findings. It is hoped that machine searching 

of metallurgical literature will correct this situation, 


W essten defines “literature”, in one sense, 
as “the body of writings having to do with a 
given subject”. A much used synonym is “docu- 
mentation”, and by the same authority, a docu- 
ment is “any instrument whether written or 
printed that will convey information”, and 
documentation is the “use of documents”. 

In engineering and research, this definition 
of documentation should be amended to read 
“the use of documents — if you can find them”. 
To the engineer or the scientist documents are 
technical reports, published technical papers, 
patents, or technical books in the field of his 
special interest. 

All over the world a tremendous amount of 
research is being done with the expenditure of 
very large amounts of money. This research 
is generally written up, when the project is com- 
pleted, as a report or as the manuscript for a 
technical paper. The memory of the average 
human being is very far from perfect. Conse- 
quently, when the average research man writes 
his report or prepares his technical paper, he 
hopes that three or five years later he can locate 
that document to find out what he has done. 

Equally important, or even more important, 
he also hopes that he can find out what others 
have done in his own particular field. The 
chances, however, are slim. In 1952 the Library 
of Congress received nearly 40,000 scientific and 
technical journals and other serial publications 
which contained approximately 1,500,000 papers. 
This is a very large amount of material indeed, 
applying only to engineering and science. 

The effective use of a document of any kind 


*Director, Engineering Foundation, New York. 
An address entitled “The Importance of Documenta- 
tion” before the National Academy of Sciences, 
National Research Council, 1957 annual meeting. 
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at least in the field of metals engineering. (Al4e) 


depends on being able to locate it and discover 
what is in it. This can readily be done for 
engineering and scientific books. A modern 
library has its books excellently indexed and 
classified; if it is an efficient library, the staff can 
promptly supply a reader with almost any book 
in the collection. For periodical literature this 
capability does not exist. 

Many years ago, engineers and scientists found 
that it was an arduous chore for an individual 
to read all of the available documents in his own 
field, let alone in adjacent fields of interest, so 
abstracting was devised to enable the busy man 
to go over the literature rapidly and pick out 
the documents he should read and perhaps study. 
Many excellent abstracting services now exist 
and I shall only name a few that are published 
in English: Chemical Abstracts Service, Bio- 
logical Abstracts, Applied Mechanics Reviews 
and, in the field of metallurgy, the abstracts of 
the British Iron and Steel Institute, Metallurgical 
Abstracts of the British Institute of Metals, the 
A.S.M. Review of Metal Literature. 

As a whole, abstracts are valuable timesavers, 
but they have many faults: There is too much 
duplication. There are too many omissions. 
There is too much of a time lag between the 
publication of the paper and the appearance of 
the abstract. There is confused and uncertain 
terminology. There is much bad indexing. The 
free world prepares in the average year about 
300,000 abstracts and the Soviet Union prepares 
about 400,000, but duplication in these 700,000 
is serious and only about one quarter of the 
available engineering and scientific literature is 
abstracted in any one year. 

What I want to talk about especially is this 
periodical literature — the thousands of available 
papers that describe the results of research, 
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applied science and industrial and technical 
developments, existing as reports in company or 
government files, or that are published in the 
Transactions or Proceedings of the professional 
societies and in technical journals. No library, 
so far as I know, has the available staff, either 
in numbers or in skills, to index and classify 
periodical literature so that it can be delivered 
to the specialized reader on demand, or even 
in a reasonable time. It is true that many 
libraries have all of the abstract journals, but 
these are for the most part inadequately indexed 
for use by the research worker; neither are they 
logically classified or coded. Hence the only 
way that an engineer or research worker can 
find out what is in the periodical literature is to 
dig it out for himself. 

Twenty or 25 years ago this was not too great 
a chore. Suppose, for purposes of illustration, 
a director of research of a steel company in 1936 
had an idea for a new stainless steel, and thought 
that its special corrosion resistance would depend 
on the composition, distribution, and behavior in 
heat treatment of the intermetallic compounds 
present. The first thing to do (and this is the first 
job that any research man would want to do) 
was to find out what was already known about 
these compounds. 

The course of procedure was clear — it was 
used by all research workers at that time: The 
research director called in John Doe, a recent 
addition to the metallurgical staff at $200 a 
month, and gave him the problem. The first 
thing John Doe did was to read two articles in 
the 1936 “Metals Handbook” on the iron- 
chromium and the iron-chromium-nickel systems 
by two prominent authorities on these alloys, 
E. C. Bain and R. H. Aborn. These articles, 
like all well-prepared summaries, had _bibliog- 
raphies, and young Mr. Doe entered these 
references on cards. Next, he went over the 
abstract section of the Journal of the British 
Iron and Steel Institute for three or four recent 
years and thus accumulated 25 or 30 more 
references. He then read the articles containing 
data on iron-chromium compounds, either in 
his company library or at the Carnegie Library 
in Pittsburgh, or, if necessary traveled to the 
Engineering Societies’ Library in New York. 
As he read these papers he recorded the biblio- 
graphic references attached to them which 
seemed pertinent to iron-chromium compounds. 
These documents were then scanned and the 
relevant data recorded. 

At the end of ten days or two weeks, or a 
month at the most, he was able to present his 
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Experimental Literature Searching Machine 
Developed at Western Reserve University 


director with a concise, complete summary of all 
that was known about the compounds in the 
iron-chromium-carbon and other iron-chromium 
systems back to the time the compounds were 
first isolated and studied, at a cost not exceeding 
$200 or at the most $300. In addition, Mr. Doe 
from his reading was already something of an 
expert on these alloys and their intermetallic 
compounds, and he was able to help the director 
outline the program of research and to carry it 
on successfully and economically. 

Now let us see what would be involved today 
in finding out what has been done on a specific 
problem. The method just described is still 
used, but the difficulties are great and they are 
becoming greater year by year. It is still used 
because there is no better method available. Yet 
there are three major difficulties to surmount. 

In the first place, the output of technical 
literature has increased at a startling rate. The 
major American engineering societies publish 
in an average year about five times the number 
of technical papers published 20 years ago. In 
1956, Engineering Index prepared 27,000 ab- 
stracts in all fields of engineering. In metallurgy 
alone, Chemical Abstracts printed 3735 abstracts, 
the Iron and Steel Institute of Great Britain 
printed 5100, the British Institute of Metals 
issued 7600 and the @ Review of Metal Litera- 
ture listed 8450 items in its field. Even allowing 
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for the inevitable duplication, reviewing the 
literature in any branch of metallurgy is a labor 
worthy of Hercules; and there is no certainty 
that important papers have not been missed. 

The second difficulty is that few companies 
have the technical manpower available to make 
a review of the extensive literature before begin- 
ning a research job. Furthermore, few young 
scientists and engineers are interested in doing 
what they term “a library grind.” 

Lastly economics and manpower enter in. 
Recent graduates in metallurgy are no longer 
available for $200 a month. When one considers 
the high cost of manpower, the long time needed 
to make a thorough search of the literature even 
in a restricted engineering field, and the much 
greater expense of sending a metallurgist to a 
city where a fine periodical collection is avail- 
able, the cost of searching the literature has in- 
creased manyfold beyond what it was 20 years 
ago. In fact, the difficulty and cost have pyra- 
mided to the point that some months ago the 
vice-president for research of one of this coun- 
trys large corporations made the following 


astounding statement: “If a research job costs 


less than $100,000 it is cheaper for us to do it 
than to find out if it has been done before and 
is reported in the literature.” 

This statement points up a situation that is 


rapidly becoming intolerable. 

What is the answer? I think it requires a three- 
pronged attack: First is the development of a 
logical and uniform system of indexing based on 
semantic principles. Second is a logical system 
of classifying technical papers or abstracts to 
technical papers which will permit them to be 
coded effectively and rapidly. Last is the devel- 
opment of some system, preferably by the use of 
machines, which will rapidly locate and retrieve 
the coded literature. 

What is being done on this threefold attack on 
the problem? Very little in the whole field of 
engineering. During the last ten years the prob- 
lem has been extensively discussed, but only a 
little of the talk has resulted in action—exce pt in 
the field of metallurgy. This has been due to 
the foresightedness shown by the American 
Society for Metals in sponsoring three activities. 

1. In 1944, A.S.M. established a monthly ab- 
stracting service, the @ Review of Current Metal 
Literature, which covers the field of metallurgy 
with considerable thoroughness and unusual 
promptitude, 

In 1948, the A.S.M. foresaw the need for a 
system of classification of terminology of metal- 
lurgical papers and abstracts which would permit 
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coding by logical classes. The first classification 
was published in 1950 and was designed for the 
benefit of the many research metallurgists who 
maintained a private file of pertinent literature, 
or for the metal company librarian. It is known 
as the ASM-SLA Metallurgical Literature Classi- 
fication. It was designed to be used either as a 
classified subject index (file folders or ordinary 
3 < 5 cards) or in conjunction with hand-sorted 
punch cards (a simple “machine”). It is in use 
in several hundred company and private collec- 
tions both here and abroad. In 1954 A.S.M. 
decided that the classification needed revision, 
and the Board of Trustees appointed a new com- 
mittee to do the job. The job is done and the 
new and greatly improved classification will be 
published in a few months. 

3. In 1955, A.S.M. appropriated a considerable 
sum of money to establish a pilot-plant project 
at the School of Library Science at Western 
Reserve University to determine if machine 
methods of searching and finding coded metal- 
lurgical literature are practical. This study will 
last five years. Progress to date seems to indi- 

cate that a coding system adaptable to machine 
feed is being succe sssfully formulated. Six thou- 
sand metallurgical abstracts have alre ady been 
encoded and trial runs made on a simple machine 
constructed by the University to determine the 
degree to which electrical devices can correlate 
various metallurgical concepts. 

The American Society for Metals hopes that its 
threefold attack on the problem will at least spur 
other organizations in the engineering field to 
action, eventually to finding an answer to what is 
now one of the most pressing problems in the 
whole field of engineering — making the litera- 
ture readily available. 

If an answer is found — and I believe it will be 
found — we will solve once and for all time the 
unpleasant and undesirable problems that exist 
today, namely the economic problem (which is 
the high cost and waste of manpower in repeat- 
ing work which has already been done but which 
cannot be found) and the ethical problem of 
reporting as new and original, data which should 
be credited to some previous investigator. @& 

Eprror’s AppENDUM — Readers who are _ inter- 
ested in more information on the @ projects can 
refer to the articles “Machine Searching of Metal- 
lurgical Literature” in Metal Progress for February 
1957, and “Classification of Metallurgical Literature” 
in the June issue. A 15-min. sound-color film “The 
Metals Information Center of Tomorrow” will be 
shown at the forthcoming National Metal Exposi- 
tion in Chicago, Nov. 4 to 8, by the Center for Docu- 
mentation and Communication Research of Western 
Reserve University. 
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Testing Welded 


Aluminum Hopper Cars 


About 150 aluminum freight cars of three designs have been made 


By J. F. WHITING* 


by Canadian car builders. To devise improvements 

strain gages were placed at strategic positions on full-sized hopper cars. 
These are of welded construction using strong aluminum alloys, 

sheet and extrusions, even to the center sill. 

Stresses were measured during static, shake-out and impact tests 


Wane ALUMINUM sheathing is commonly 
used on new passenger-car equipment, and some 
aluminum tanks and hoppers on freight cars, we 
believe that Canada leads in the manufacture and 
use of aluminum hopper-bottomed cars. This 
extension of the strength-weight idea from air- 
craft to railroad equipment goes as far as weld- 
ing the entire structure down to and including 
aluminum center sills. 


History 


Ninety 70-ton Canadian-made aluminum hop- 
per cars were placed in service hauling bauxite, 
sulphur and coal by the Roberval and Saguenay 
Railway (R. & S.) between 1948 and 1951, and 
in 1951 the Canadian National Railways 
(C.N.R.) ordered five cars of this type. The 
riveted bodies were made of Alcan 65S-T6 
(U. S. 6061-T 6) plate and extrusions and Alcan 
55 S-T6A (U. S. 6053-T 61) rivets. Although a 
standard steel underframe was used, the weight 
saved was 12,000 Ib. per car. Little maintenance 
has been necessary on these cars because alumi- 
num is very resistant to erosion and corrosion by 
the commodities they haul. 

In 1955, 28 open hopper cars with aluminum 
body were built for the R. & S. by Canada Car 
& Foundry Co. Although they have a rated 
capacity of 70 tons they regularly carry 87 tons. 
The bodies were fabricated by welding but the 
experience gained in operating the earlier riveted 
cars was used in their design. 
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simulating actual service conditions. (T23p, 17-7, $21; Al, 17-1) 


In 1953, 13 covered aluminum hopper cars 
were built by the Gregg Co., Ltd., for Alumina 
Jamaica, Ltd. ( Aljam) to a steel design modified 


but slightly to suit aluminum. The center sill 
was built up from aluminum extrusions by weld- 
ing and riveting. Early in 1956, 16 similar cars 
were built for Aljam by Marine Industries, Ltd. 
These were the first to have an all-welded alumi- 
num center sill of the American Association of 
Railroads (A.A.R.) type. 

At first, aluminum was merely substituted for 
steel; but, in the last group of 16 cars the design 
was changed to suit the properties of aluminum. 
To prove the soundness of this design it was 
necessary to conduct static, shake-out fatigue, 
and impact tests on a completed car which would 
simulate service conditions. These tests, the 
first of their kind to be carried out in Canada, 
were conducted by Aluminium Laboratories, Ltd, 
of Kingston, Ont., and were sponsored by the 
Aluminum Co. of Canada, Ltd. Parallel tests 
were made on one of the R. & S. open hopper 
cars built in 1955. Canada’s two major railways 
rendered valuable assistance. 


Static Tests 


The all-welded, covered aluminum hopper car 
under test is shown in Fig. 1. It has a rated 
capacity of 50 tons and was fabricated from 
Alcan 65S-T6 (U. S. 6061-T 6) extrusions and 

*Aluminium Laboratories, Limited (A Member of 
the Aluminium Limited Group), Kingston, Ont. 
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Alcan B54 S-F (U. S. 5054) plate. Side sheets 
were 4 in. thick, the side posts were formed from 
plate 5/16 in. thick and roof sheets were ¥% in. 

SR-4 electrical resistance strain gages were 
located where the major stresses were antici- 
pated. Switching and balancing units connected 
them to a strain indicator and recorder. 

The car was loaded with water and strains 
were recorded at several load increments up to 
the rated capacity of 100,000 Ib. Deflection of 
the center sill was measured against a stretched 
piano wire and by a surveyor’s level directed 
at targets fastened to the sill under the bolsters, 
and at its center. Vertical deflection of the side- 
walls of the car, acting as a plate girder, was also 
measured by a surveyor’s level. 

The results of the static loading may be sum- 
marized as follows: 

1. Loading to capacity produced a maximum 
stress of 6350 psi. in the vertical post and 6000 
psi. in the adjacent panel. These stresses should 
not be critical since they occur on the face of the 
post and at the center of the panel. The maxi- 
mum stress observed in vertical welds was only 
3150 psi.; since it was a compressive stress it 
should not be critical, even in fatigue. 

2. Stresses in the top and bottom chords of 
the sides, in the bolsters and in the center sill, 
were below 1500 psi. Hence for this condition 
of loading they were relatively unimportant. 

3. Vertical deflection at the midpoint of the 
center sill was 0.10 in. and of the sidewalls was 
0.04 in. Thus, the sidewalls were sufficiently stiff 
to carry all the load out to the ends of the car, 
rather than to transfer it to the center sill in 
bending. The measurements indicated, however, 
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Fig. 1—All-Welded 50-Ton Hopper Car With 
Aluminum Center Sill. This car is roofed 
with %-in. aluminum sheets. It is all alumi- 
num alloy except for trucks and draft gear 


that it would be desirable to stiffen the center sill. 

It was concluded that the static loads were not 
excessive for the aluminum alloys used in the 
car. Although it was loaded with water it can 
be expected that similar stresses will be en- 
countered in hauling alumina, since it has a very 
low angle of repose and would produce a similar 
side thrust. 


Shake-Out Fatigue Tests 


The open hopper car from the R. & S. Ry. for 
shake-out fatigue tests at Arvida, shown in Fig. 
2, was built in July 1955 and has a rated capacity 


' of 70 tons. The Hewitt-Robins shake-out shown 


applied an oscillating force of 36,000 Ib., at 24 
cycles per sec. to a mass of 10,820 Ib., sitting on 
top of the sidewalls. Thirty-six SR-4 strain gages 


‘ were fixed at strategic locations and recorded by 


a Brush oscillograph. 

The shake-out operated on the empty car for 
20-sec. periods for the first 8 min., then at periods 
varying from 10 sec. to 10 min. for the remainder 
of the test. After each period the car was in- 
spected for damage. The short shaking periods 
at the beginning of the test permitted readings 
to be taken from all strain gages before damage 
occurred. 

The maximum alternating stress measured 
was about 8000 psi., and occurred both at the 
center of the panel immediately under the car 
shake-out, and at the joint between top member 
and car side, also immediately under the shake- 
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Fig. 2 — Welded Aluminum Hopper Car, 
70 Tons Capacity, Ready for Shake-Out 
Fatigue Test. This car has standard steel 
center sill riveted to the aluminum body 


out. The large number of strain gages gave a 
clear picture of the distribution of stress through- 
out the car sides, information which will be most 
useful in future designs. 

Relatively small changes in joint design and in 
the size of fillet welds would give the critical 
parts of this car a considerably longer fatigue 
life. A comparison of the performance of this 
aluminum car with that of welded steel hopper 
cars, tested under similar conditions, showed 
that the aluminum car performed as well or 
better than the steel ones. With the suggested 
modifications in design the performance of this 
car would be outstanding. 

While the Aljam covered aluminum hopper car 
was not designed originally for shake-out, it 
was adapted to receive the equipment by weld- 
ing appropriate pieces of aluminum plate along 
the top of the side panels. Strain gages were 
attached and tests performed similar to those 
just described. 

From a comparison of the performance of the 
two cars, it would appear that fewer and lighter 
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side posts, with larger and less rigid panels, 
would produce a car having excellent fatigue life 
against shake-out stresses. 


Impact Tests 


The final tests in this program were designed 
to determine the effect of impact loads up to 
1,000,000 Ib. on the center sill and car body. 
The distribution of the stresses throughout the 
sill and body was also studied. 

The covered hopper car shown in Fig. 1, 
already subjected to the previous tests, was used 
after the defects caused by fatigue during shake- 
out were repaired by welding. It was already 
known that the connections between the car 
body and sill were inadequate. Therefore, the 
connections were reinforced by diaphragms 
under the hopper peaks and at each end of the 
car and additional end-sill braces were added. 
The car was then filled with crushed rock to give 
an “on-the-rail” weight of 168,000 Ib. 

The standard Type-E couplers were removed 
from the striking ends of the two cars involved 
in the test. The coupler on the moving or strike 
car was replaced by a solid steel block machined 
to fit into the coupler socket, while the coupler 
on the standing test car was replaced by a dy- 
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namometer. Impact between the two occurred 


on a 3.8% grade at velocities from 2 to about | telitaiich wes 
15 mi. per hr. 

SR-4 strain gages were placed on the dynam- 
ometer block and at 21 different locations on the < | 
test car, including the center sill and end braces, Free Test Car With 
the bolster truss, a side post, diaphragms and 600}—Friction Draft Geor 
hopper ends. Strains were recorded on two 
oscillographs having a total of 20 channels. 

The general procedure was to spot the strike 
car at a predetermined distance up the grade. 
After the oscillographs were balanced and cali- 
brated, the brakes on the strike car were re- 
leased. The limit switches of the braking systems 
were located so that the brakes on the strike car . | 
were automatically applied at the moment of 4 12 16 20 
impact while those on the test car were actuated Compressive Stress in Sill, 1000 Psi. 
about 2 ft. down the grade from the point of 
impact. After each run the test car was inspected 


8 


Striking Load, 1000 Psi 
8 


Backed-Up Test Car 


4 


Fig. 3 — Average Compressive Stresses in Alu- 
minum Center Sill of Test Car Induced by Impact 
for damage. With a Moving Car Through the Draft Gear. 
Two series of tests were conducted with maxi- In the free tests the car was free to move along 
mum impact of approximately 900,000 Ib. In the the track after impact; in the third test series 
wes ave. ta the the car was backed up by four loaded freight cars 
second series the test car was backed-up by four 
fully loaded box cars. In a third series of tests Conclusions — Static shake-out fatigue and im- 
rubber draft gear replaced the friction draft pact tests have shown that welded aluminum 
gear in the strike ends of both cars. hopper cars will withstand conditions more se- 
The results of 75 impact tests show that the vere than those normally encountered. The tests 
aluminum center sill successfully withstood im- also indicated the desirability of relatively minor 
pact loads up to 947,000 Ib. It is confidently — changes in design which will improve still further 
expected that it would carry considerably higher their outstanding performance. The principal 
loads, since the present tests were limite d by the —_ changes are in the connections between the car 
failure of the draft gear lugs and not the center —_ body and the center sill, the number and loca- 
sill itself. Fig. 3 shows the stresses in the center _ tion of side posts, and the number and size of end 
sill in the three test series. Similarly, no ap- _ sill braces. 
preciable differences in stresses were found in In fine, this testing program has proved that 
the car body when it was backed up by the fully — aluminum is an excellent material for welded 
loaded boxcars. railway hopper cars and has provided informa- 
The impact tests revealed that, for this design tion by means of which future cars can be made 
of covered hopper car, the connections between even better. These new aluminum cars can be 
the car body and the center sill were the weakest —_ expected to withstand even better the severe 
points. The modifications made to these con- treatment normally given this type of equipment. 
nections prior to the impact tests, as noted above, _ In addition, the light weight of aluminum means 
were a definite improvement over the original that dead weight is reduced and payload 
design, but can be improved still further. As a increased. Fewer of the lightweight cars are 
result of the tests new designs have been pre- _ required to carry a given quantity of freight, thus 
pared which will produce a stronger car without —_ reducing switching and line hauling time. Less 
additional material. Such cars are now on order. _ maintenance is necessary because of the excellent 
The most damage in these impact tests was resistance of aluminum to the weather and to 
suffered by the friction draft gear. In the final most of the corrosive materials being hauled. 
test the steel draft lugs failed completely, driving The economies realized through the use of 
the rubber draft gear back into the center sill. aluminum are indeed real, since once an alumi- 
There was no appreciable bulging of the end or _ num car is placed in service it normally requires 
side sheets, which indicates that the body design _no further attention to maintain its appearance 
was adequate-for the impact loads involved. and serviceability. 
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Induction Heating 


for 


Merchant Mill 


By R. S. SEGSWORTH* 


Billet-sized ingots are pushed end to end through a long induction coil, 
the first half of which receives 60-cycle current and the second half 
540-cycle current. A 614-in. square reaches rolling temperature 

in 8.4 min. Indicated scale loss of 3% in oil-fired heaters 

has been reduced to less than 1%. (W20h; 1-19; CN) 


W wespreap APPLICATIONS of induction 
heating have been based on the use of compara- 
tively high frequencies. By “high” frequencies is 
meant a few thousand cycles per second — high 
in comparison with the 60-cycle current which is 
almost the universal standard for power distribu- 
tion systems. In fact, within the last decade or so 
it has been found that very high frequencies 
(approaching radio) are very good for special 
jobs, usually where a very thin layer on the 
surface is to be heated. 

It might therefore be supposed that the other 
end of the spectrum — line frequencies and fre- 
quencies of a few hundred cycles per second — 
might be equally good for thorough heating of 
heavy pieces, like steel billets for rolling or forg- 
ing. This is indeed true, as the following article 
will demonstrate. But before we start it might 
be remarked that induction heating with 60-cycle 
current is not new. It was used in the 1930's in 
the United States for surface heating of steel 
automotive parts. Today, most aluminum extru- 
sion billets are heated with 60-cycle current, and 
a considerable portion of the other nonferrous 
extrusion billets. 

The method has had an outstanding success in 
numberless special applications. Users generally 
have been impressed with the ease of control, the 
rapid heating, the excellent surroundings for 
workmen's comfort, and the adaptability of the 
process to automation. 
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With a little imagination and some careful 
engineering it has now been shown that in the 
relatively straightforward heating of heavy sec- 
tions, such as steel billets, the induction method 
may be applied economically and with the 
acknowledged advantages already proven in the 
special fields. 

For best efficiency and lowest capital cost, the 
frequency chosen must be well suited to the work 
in hand. For many of the heavier jobs it has been 
found that all or at least part of the power may 
be applied at 60 cycles, thus eliminating or reduc- 
ing the amount of frequency-converting equip- 
ment. This is well illustrated in a unit installed 
some three years ago at Vancouver Rolling Mills 
in British Columbia. This furnace is heating 
mild steel ingots for a 16-in. merchant rolling 
mill producing reinforcing steel, merchant 
bars, light angles and channels. All the produc- 
tion passes through this furnace. The general 
arrangement is shown schematically in Fig. 1. 

Since an electric furnace is used to make the 
steel which is cast into the small ingots, this 
steel plant is unique in that (starting with scrap) 
the plant carries the operation through to the 
finished product without using a single ounce of 
solid or liquid fuel. The entire operation con- 
sumes as much electricity as the adjoining city 
of New Westminster, approximately 4,000,000 


* Director of Research and Development, General 
Engineering Co., Ltd., Toronto, Canada. 
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Ingot Storage 


kw-hr. per month, in making some 5000 tons of 
marketable product. 

The heating furnace was required to handle 
a range of tapered cast ingots from 3 to 6% 
in. square, weighing from 96 to about 465 lb. 
These of course are not “large” ingots to a plant 
operating bessemer converters or openhearth 
furnaces. However, in British Columbia, as in 


— 


Twin-Tube 
Induction Furnace 


Fig. 1— Production Flow 
at Vancouver Rolling Mills 


several locations in the States, a very profitable 
operation has been based on electric furnace 
melting of an all-scrap charge, furnaces which in 
turn cast a moderate sized ingot (no larger than 
billet sizes in many mills) not needing a heavy 
and very expensive blooming mill for breakdown. 

To achieve optimum efficiency with minimum 
capital cost and to handle this range of sizes it 
was possible to put in half of the power at 60 
cycles in the first third of the furnace and the 
balance at a higher frequency (540 cycles). A 
slightly different apportionment of power input 
would give better efficiency for the largest cross 
sections, but the system chosen was an average. 
The electrical and mechanical complications of 
an adjustable system were judged to be imprac- 
tical. Again, to keep the over-all length of the 
furnace within reasonable limits the unit was 
designed with two identical parallel tunnels, 
each with a-continuous line of ingots, pushed 
end to end. This arrangement also provides 
some additional adaptability since either side 
may be operated independently. 

The ingots are heated as they travel through 
helical coils carrying the current. These coils 
are made of insulated copper tubing through 
which cooling water is passed. The coils are 
lined with and encased in refractory, which pro- 


130 


5700 Hp. 
Motor-Generator Set 


D 


Electronic Counter 


vides mechanical protection from the hot steel 
inside and casual abuse from the outside. 
Cold ingots are brought as required from the 
storage yards by fork-lift trucks and placed on 
a table fitted with walking beams. These spread 
out the bundles of ingots and pass them to an- 
other roller table which carries them forward to 
the hydraulically operated feede: shown in Fig. 


Transformers & 
Substation 
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Legend 


Conveyor 


Production Route 


2. The feeder pushes the ingots one at a time 
as required to one side or the other, where hy- 
draulic rams push them end-on into the heating 
tunnel. Interlocks keep the two lines in step 
so that ingots are fed to the rolling mill at regu- 
lar intervals. The discharge end of the dual 
furnace is shown in Fig. 3. 

All operations are controlled from a pulpit 
set between the two lines above the furnace with 
appropriate mirrors so the operator has a good 
view of both ends of the furnace, and also down 
the length of the rolling mill. From this point 
the operator can adjust the rate of feed and the 
power input. He also has control of the roller 
conveyer which carries hot ingots to the mill. 
(A gate is provided in this table, so ingots may 
be sent into the mill or set aside.) Appropriate 
meters indicate the current, voltage and power in 
the various circuits. Radiation pyrometers wired 
to indicators in the control pulpit sense the 
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temperature at the end of the 60-cycle zone and 
at the middle and the end of the high-frequency 
zone. The pulpit operator can vary either the 
rate at which the billet-line is pushed through 
the tunnel, or the power input at 60 or 540 cycles 
to adjust the output of properly heated metal up 
to the capacity of the rolling mill or of the 
heating tunnels. 

Power supply is brought into the plant at 
60,000 volts and stepped down in three 3000- 
kva. transformers to 4000 volts. Power for the 
60-cycle end of the furnace is stepped down 
again from 4000 volts to 500 volts in a 4000-kva. 
three-phase transformer, with off-load tap-chang- 
ing equipment. The high-frequency power 
(540 cycles) is obtained from a 3500-kw. alterna- 
tor, driven by a 5000-kva. synchronous motor 
operated at 4000 volts. 

Conventional air-cooled capacitors correct the 
power factor on the 60-cycle end, and the power 
factor is corrected to approximately unity under 
most conditions. The capacitors used for the 
high-frequency coils are water cooled and the 
power factor is held at unity or slightly leading. 

Temperature is controlled by changing the 
voltage on the 540-cycle circuits, done very 
easily by adjusting the generator field current. 
Watt-hour meters measure the power from the 
4000-v. bus, and it has been established that the 
power consumption on the largest ingots is 


small tonnage of material in process at any time, 
and the furnace may be started or stopped 
practically at the touch of a button. 

For cooling the induction coils and other 
devices the water is recirculated to two open 
cooling towers. This provides the necessary 
water for cooling the 60 and 540-cycle coils, the 
540-cycle capacitors, the 3000-kva. transformers, 
and the 540-cycle alternator. The maximum 
flow of cooling water is over 500 gal. per min. 


Operations 


The furnace operates with a total of four men 
per shift. Working conditions have improved 
immeasurably as compared with what existed 
when ingots were passed through fuel-fired 
furnaces. The men are at no time subjected to 
heat, and can work in perfect safety and comfort 
throughout the entire operation. 

The problems encountered in putting this unit 
into operation were not out of proportion to its 
size and unique nature. Testing prior to com- 
pletion was necessarily limited. Heating tests 
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approximately 300 kw-hr. per ton of metal 
heated for rolling. The largest ingots are heated 
at the rate of 20 to 25 tons per hour. With the 
smaller ingots, the average power consumption 
is somewhat higher and the rate of production 
somewhat less. 

One of the most striking features of the new 
operation is its speed. The total heating time 
ranges from 3.6 min. for the smallest ingots to 
8.4 min. for the largest. Something less than 
a total of 10 min. elapses from the time a large 
ingot enters the furnace until it is a finished bar 
on the cooling bed. Thus there is a relatively 
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were limited to a single ingot and it was quite im- 
possible to duplicate operating conditions, even 
approximately. Despite the size and unique 
requirements of the job, it was designed, built 
and installed in record time. The order was 
placed in November 1953 and the furnace went 
“on the line” by the end of the following July. 
It has been in continuous operation ever since. 

Naturally certain operating problems arose, 
since this was a pioneer application and there 
was no bank of previous experience in actual 
production. However, production was main- 
tained on the new unit from the very start. Once 
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Fig. 2— Feed End of Induction Furnaces for Heating Small Ingots. 


One Ingot has been 


delivered by roller table from the right against a slot. Here it is ready to be pushed sideways 
(toward the operator). In foreground is an ingot partially pushed into the near heating tunnel 


the operating and maintenance crews had gained 
some experience, interruptions due to furnace 
trouble became very rare. 

The installation is simple and compact. Since 
the heating coils remain cold, practically no heat 
radiates into the surroundings. One can ap- 
proach, with complete comfort and safety, to 
within a few inches of hot steel within the tun- 
nels. Heating is so rapid that there is a mini- 
mum opportunity for scaling. Control is simple, 
quick and effective. In short, this installation 
has made available economically and in a 
large unit —all those advantages normally as- 
sociated with induction heating technique on 
small parts like automotive crankshafts. 


Fig. 3 — Discharge End of Dual Furnace 


The results achieved may be judged by the 
following extract from a report by M. C. D. 
Hobbs, general superintendent of the Vancouver 
Rolling Mills: 

“As compared with the previous fuel-fired 
furnaces the installation requires approximately 
160 fewer man-hours per shift; in addition, the 
production of finished steel has been increased 
by approximately 30% as compared with the 
previous operation. The electrical energy costs 
approximately $1.00 per ton less than the previ- 
ous cost of fuel oil. The indicated scale loss has 
been reduced from an estimated 3% to less than 
1%. This has also resulted in a better finish on 


the final products.” S 
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Vacuum Induction Melting- 


Process Considerations 


Successful vacuum melting requires very high vacuums, leak-tight equipment, 
pure melting stock and crucible materials. Reactive metals added 


By W. E. JONES* 


at the end of the heat then alloy with the melt rather than form 


undesirable inclusions. 


T ne arr of vacuum melting goes back to 
the turn of the century. In the German work 
during the 1920's the major interest was in 
degassing. The philosophy of melting was some- 
what different then from what it is now. 

The vacuums used were low in comparison 
with what we use today — for one reason because 
proper pumps were not available. Nevertheless 
considerable amounts of special steels ( particu- 
larly bearing steels and toolsteels) were made 
and advantages obtained. Much magnetic alloy 
was also made in vacuum furnaces. 

Further progress awaited the large oil diffusion 
vacuum pump in the late 1930's, which had large 
capacity in the micron range of pressures. The 
electromagnetic process for separation of the 
isotopes of uranium, as perfected at Oak Ridge, 
was responsible for a large amount of vacuum 
technology during World War II, and was im- 
mediately applicable to metallurgy. 

The jet engine, with its requirements for 
materials to operate at very high temperatures, 
was the impetus which started the true vacuum 
melting industry in the United States. Consider 
the operating temperatures of “superalloys” in 
production over the past 15 years. A _ repre- 
sentative temperature for turbo superchargers 

*Metallurgical Products Dept., General Electric 
Co., Detroit. This paper will be presented at the 
meeting of the Industrial Heating Equipment Assoc. 
at the @ Annual Meeting in Chicago on Tuesday, 
Nov. 5, 1957, and is based on a lecture given before 
the Seminar on Vacuum Metallurgy at New York 
University in June 1957. 
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Notable improvements result in high-temperature 
properties of heat resistant alloys. (C5, 1-23; SGA-h, Ni, Co, Fe, 5-9) 


1940 was about 1275° F.; this 


operating in 
jumped to about 1475” F. in the next five years 
but then increased hardly at all until 1952. 
Vacuum melting then made a significant contri- 
bution, temperatures now being in the region 
of 1650° F., 
continuation of this trend. 


with all evidence pointing to the 


Purposes of Vacuum Melting 


While this paper will deal primarily with how 
to melt, rather than what vacuum melting does, 
it is desirable to recognize that there are some 
inherent advantages to be gained. These can 
be summarized in the statement that alloys can 
be produced which are much 
stronger than those melted in air. 

This improved cleanliness of bearing steels, 
for example, results in large increases in per- 


cleaner and 


formance which is so necessary in critical appli- 
cations. A.S.T.M. inclusion rating for vacuum 
induction melted 52100 steel is 1 to 1% thin 
inclusions, whereas air melted (basic electric 
furnace, alloy practice) is 244 thin and 2 heavy 
inclusions. This difference is also seen in the 
fracture test (Fig. 1). Finally, fatigue tests on 
the steel and on assembled bearings made at 
room temperature show considerably higher 
endurance limits than for the air melted product. 

This control of cleanliness applies to other 
vacuum melted materials, properly produced. 
But there are alloy compositions in which it 
becomes exceedingly difficult, if not impossible, 
to achieve this high degree of cleanliness; for 
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instance, high manganese and silicon contents 
in low-alloy steels contribute to greater quantities 
of inclusions. 

A second part of the story is the simultaneous 
improvement in mechanical properties of the 
alloys when tested at high temperatures. The 
rupture and creep strength can be significantly 
increased as full advantage is taken of the 
strengthening effects of aluminum, titanium and 
zirconium additions when they are not tied up 
as oxides or nitrides. The magnitude of these 
differences for General Electric's alloy M-252* 
is as follows: 


AIR VacuUuM 

PROPERTY MELTED MELTED 
Stress to rupture in 

1000 hr. at 1500° F. 15,000 psi. 20,000 psi. 
Fatigue stress, 10° 

cycles at 1500° F. 42,000 psi. 50,000 psi. 
Elongation in short-time 

tensile test at 1350° F. 7% 16% 
Yield, ingots to bars 44% 66% 


Beyond this, new alloys can be developed 
which are stronger than those we have had in 
the past, as is indicated in Mr. Jahnke’s article 
on p. 113 of this issue. There are already sev- 
eral such alloys on the market. These iron, nickel 
or cobalt-base alloys utilize larger quantities of 
reactive elements and cannot normally be pro- 
duced in a furnace melting in air atmosphere. 
Such materials as Udimet 500+ and G.E. Alloy 
J-1570} are considered in this category and their 
properties are reflected in the increase in work- 
ing temperatures of jet engines since 1952. 

A final advantage of vacuum melting is the 
high degree of uniformity in properties of the 
final product, ingot to ingot and heat to heat. 
Some of this may be due to the high quality of 
raw materials and the extreme care used in pro- 
duction, but most of it is due to the utilization of 
vacuum technology and the elimination of many 
variables associated with air melting. 


Equipment for Vacuum Melting 


A vacuum melting unit, in its simplest form, 
consists of an induction furnace inside a vacuum 
tank, with suitable pumps, power and auxiliaries. 
Many designs and modifications are now actually 
producing good metal in the United States, 
ranging in capacity up to those capable of pro- 

*Nominal composition of M-252 is 53 Ni, 19 Cr, 
10 Co, 10 Mo, 2.5 Ti, 2.5 Fe, 1.0 Al, and 0.16 C. 

tNominal composition of Udimet 500 is 50 Ni, 
18.5 Cr, 18.5 Co, 4.0 Fe, 4.0 Mo, 3.0 Al, 3.0 Ti, 
0.08 C. 

tNominal composition of G. E. Alloy J-1570 is 
89 Co, 30 Ni, 20 Cr, 6.5 W, 4.1 Ti and 0.2 C. 
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Air Vacuum 


Fig. 1—Improved Cleanliness of Vacuum Induc- 
tion Melted Bearing Steel (A.1.S.1. 52100) Is Appar- 
ent When Fracture Disks Are Compared With the 
Same Steel Made in Basic Electric Arc Furnaces 


ducing heats of 3000 lb. on a regular basis. 

There are many different ideas about the 
desirability and the manner in which furnaces 
can be loaded and unloaded. A schematic draw- 
ing of the unit operated at the metallurgical 
products department of General Electric Co. in 
Detroit (Fig. 2) will show how one can operate 
almost on a continuous basis. 

This is a 1000-Ib. furnace with a 7-ft. diameter 
melting tank and separate, valved-off tanks, one 
for additions and one for ingots. An oil diffusion 
pump of 18,000-liter per sec. capacity at 4 
microns and two mechanical roughing pumps 
make up the vacuum system. The tank can be 
evacuated to 0.5 micron and it can be held at 1 
micron or less with 1400 lb. of molten metal in 
the furnace. The power supply is 350-kva., 
440-v., 960-cycle current, introduced through a 
co-axial port so that power can be on for any 
furnace position. 

If there is one feature to be singled out to 
explain the successful performance of this unit, 
it is the ability to make numerous consecutive 
heats without breaking the vacuum on the melt- 
ing tank. It has been operated for as much as 
a week at a time without opening the melting 
chamber to the atmosphere. Such performance 
contributes markedly to the efficiency of oper- 
ation and the quality of the products. 

Frequently the use of extremely low pressures 
is questioned. This is a consideration that has 
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an important bearing on economics. Such low 
pressures — on the order of a few microns — are 
quite expensive, both in the cost of vacuum 
pumps and in the time required to complete 
the melting cycle. 

From the theoretical point of view, the lower 
pressures are generally desired to further the 
reactions that take place—and certainly the 
history of the industry shows an improvement in 
the ultimate vacuum obtained. But factual data 
comparing an improvement in a property as the 
degree of vacuum increases are very limited. 
We have some data on rupture life and elonga- 
tion at fracture of two alloys which help establish 
orders of magnitude. 


G.E. Alloy J-1570 at 1500° F. 


VacuuM Rupture Lire ELONGATION 
at 30,000 Pst. 
400 to 800z 125 hr. 10% 
20 to 70u 245 17 


Udimet-500 at 1600° F. 


VacuuM Rupture LIFe ELONGATION 
AT 25,000 Pst. 
1000# 80 hr. 6% 
200 14 


Two heats of the cobalt-base G. E. Alloy 
J-1570 were made in the pressure range of 
400 to 800 microns, and they could be directly 
compared with metal melted as in production, 
in the range of 20 to 70 microns. The heats 
made at the higher pressure had lower rupture 
strength and lower ductility in the rupture test. 
Experimental heats of Udimet-500 made at 1000 
microns (using the roughing pump only) and 
at 10 microns (using the diffusion pump) show 
a similar trend. 

On the other hand, there are times during a 
melting cycle when it is desirable to use pres- 
sures of a few millimeters. Sometimes the 
evolved gases are allowed to accumulate; at 
other times an inert gas such as argon is intro- 
duced into the tank. Generally it can be said 
that such pressures in the range of 10 to 70 mm. 
are successfully used, first to control splashing 
and a tendency to form a ring at the top of the 
crucible during melt-down; second, to control 
carbon boil, and third, to reduce cavities in 
alloy steel ingots where the gas solubility is so 
high it is difficult to obtain sound ingots. 

Pressure built up by the evolved gases appears 
more effective than an inert gas in slowing down 
the carbon reduction reactions in liquid steel. It 
certainly makes it more difficult to start up again, 
and there is evidence that the degree of deoxida- 
tion was impaired. This has been determined by 
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measuring the time required from melt-down to 
attaining a given “leak-up rate” prior to the time 
that additions are made. 


Leak-Up Rates 


The vacuum measured in the furnace system 
in only part of the story. Of equal and possibly 
greater importance is the leak-up rate, or the 
manner in which the pressure in the melting tank 
behaves when the valves to the pumps are closed 
and the total pressure rise in a given period of 
time is recorded. 

This increase in pressure may be due to air 
leaking into the tank, to adsorbed gases from 
the tank walls or the furnace parts, to water 
leaks, or to gases coming out of the liquid metal. 
Since one of the prime purposes of vacuum melt- 
ing is to hold the oxygen and nitrogen to 
extremely low levels to prevent reactions with 
hot metals, it is probable that the leak-up rate 
is a more truly indicative measure of the quanti- 
ties of gases actually present and in contact with 
the molten metal’s surface than the actual pres- 
sure reading in the tank. 

The pumping system can be of sufficient size 
that it can maintain low pressures even though 
large quantities of gases may be passing over 
the liquid metals. For instance, a pressure of 
1 micron can be measured in the tank, yet (on 
blanking off the pumps) the leak-up rate will 
be 100, per min. Experience has shown that 
this is an excellent indicator of the conditions 
present and it is given due consideration during 
a melting cycle. 

Before a heat is produced in our Detroit 
facilities, the total leak-up rate in the cold tank 
must not exceed 5y per min. If it is larger it 
is an indication of leaks or large quantities of 
adsorbed gases in the system, and these may 
cause undesirable reactions during melt-down. 
The leak rates due to adsorbed gases should 
diminish as consecutive heats are melted with- 
out opening the tank to atmosphere, and this 
has been observed to be the situation. Leak-up 
rates in a cold furnace under these conditions 
are from 1 to 2u per min. 

This same type of measurement is used in 
production melting to determine when the final 
additions of reactive elements will be made to 
the melt. In this instance, one is interested in 
knowing the progress of the gaseous reactions, 
so additions are not made too soon (while 
oxygen and nitrogen are still present). Pre- 
determined values of leak rates have been set up 
as control measures to assure uniformity of 


135 


product, even though the exact required values 
are not known. 

Again, it is difficult to substantiate with actual 
test data what common sense tells us we must 
control to fairly close limits. We do know that 
leak-up rates and pressures decrease with con- 
secutive heats. At the same time, oxide-type 
inclusions in bearing steels are reduced. A rela- 
tionship is suspected. 

Some information on the effect on high- 
temperature properties is available from a series 
of tests conducted on heats of the nickel-base, 
age hardenable alloy Udimet-500 in which the 
leak rate to air was varied only from 10 to 300, 


Air Hoist 


Additions 


per min. (In all tests the pouring pressure 
varied only from 10 to 17.) Results are sum- 
marized in Fig. 3. With the leak rate varying 
over this range the rupture life (25,000 psi. at 
1600° F.) is reduced from an average of 170 hr. 
to 75 hr. There is also a decrease in ductility in 
both the short-time tensile test at 1200° F. and 
in the rupture test at 1600° F. 

In analyzing the data available, the correla- 
tion shown in Fig. 4 has been found between 
the oxygen content of the metal and the ruptur 
life in hours. A similar correlation exists be- 
tween oxygen content and the ductility values. 
Oxygen contents as high as 260 ppm. were found 
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Fig. 2 — Cross-Sectional Draw- 
ing of Complete Equipment. 
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Fig. 3 — Influence of Leak Rate of Furnace on 
High-Temperature Properties of Udimet-500 


in the metal produced with leak rates of 100 
and 300. per min. or with the high melting 
pressure of 1000. This decreased to 20 ppm. 
with the best vacuum obtained. Incomplete data 
for nitrogen content follow the same pattern 
although the correlation is not as good. 


Gases in the Melting Tank 


It has always been recognized that there are 
gases present in various amounts throughout the 
melting cycle. What these gases are, and just 
when they occur, has been the subject of much 
discussion. 

A thorough understanding of this detail is 
necessary for accurate melting control, and to 
obtain the necessary information a mass spectro- 
graph was attached to our vacuum melting 
furnace. It is a monitoring type of instrument 
with a system that will make analyses over a 
wide pressure range and at regular intervals. 
Since the pressures in the melting tank were so 
low that gas samples did not flow into the 
analyzing unit, the melting tank was blanked 
off for 1 min. allowing a build-up of pressure. 
Analyses were made at approximately 7-min. 
intervals throughout the heat. Simultaneous 
recordings of melting pressure were also made. 

These curves show some out-gassing at the 
time the power is turned on. Within 30 min. 
carbon monoxide from carbon reduction evolves 
large quantities of gas and the relatively high 
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pressure of 20». After about 90 min. the carbon 
reaction on the first charge has run its course 
and the second charge of metal is put into the 
crucible. Again the CO content picks up with 
this added metal, but since there is not as much 
new metal this time, it does not rise nearly as 
high. Again it settles down in about an hour's 
time to the point that the late additions can be 
made; for all intents and purposes there is no 
CO in the system after this. 

The nitrogen gas in the furnace remains low 
throughout the initial melt-down, but with the 
addition of the second charge it increases to 
significant levels. This can be traced to the 
chromium (with 0.06% N.) added at this time 
to this particular heat. Similarly, the oxygen 
content increased after the second charge, which 
may be the result of the 0.04% oxygen in the 
chromium metal. 

The quantities of these two gases, oxygen 
and nitrogen, which were being removed from 
the melt, show a steady decline as the heat 
progresses up to the time the additions are made. 
The interesting point is, however, that the addi- 
tions were made too soon in this heat; the oxygen 
and nitrogen content had not reached as low a 
level as they should have, because immediately 
after the additions were made the amount of 
free nitrogen coming off rapidly decreased, indi- 
cating a quick tie-up with the added titanium, 
zirconium or aluminum. 
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Fig. 4 — Oxygen Content of Udimet-500 Versus 
Stress-Rupture Life at 1600° F. and 25,000 Psi. 


The oxygen and hydrogen content of the 
furnace increases for a short period (probably 
due to a little water vapor) and then drops 
rapidly as it, too, is tied up with the reactive 
additions. These are highly detrimental reac- 
tions, since the addition elements are no longer 
available in proper form for strengthening. 
Furthermore the compounds formed are present 
as very undesirable inclusions. 

The hydrogen shown at various periods by 
the mass spectrograph probably comes from the 
dissociation of water vapor or from the raw 
materials. There is considerable amount of this 
each time a charge is made. There is also a short 
burst during pouring as a result of out-gassing 
of the pouring basins or the ingot molds. All 
this indicates the desirability of thoroughly dry- 
ing everything before it is used. 


Raw Materials 


The raw materials used by the vacuum melting 
industry are primarily in forms of very high 
purity. This greatly assists in controlling the 
process. Scrap materials are used under certain 
conditions in addition to the scrap generated in 
the plant. 

However, full utilization of scrap requires 
extra processing time. It is often of questionable 
economic value. The electrolytic metals, as well 
as other forms of the elements, contain large 
quantities of gases which (as has been shown 
by the mass spectrograph) can be handled in 
the vacuum system, but at the expense of time 
and often of other operating difficulties. 
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More attention is beginning to be paid to some 
of the tramp impurities. For instance, sulphur 
if present in the melt is not reduced throughout 
the entire vacuum melting cycle. Neither SO, 
nor H.S can be found with the mass spectro- 
graph. Samples of the metal taken at regular 
intervals during the heat show no change in the 
amount. 

There are other impurities which are much 
more difficult to measure but which apparently 
have large effects on the properties of the ma- 
terials produced. For instance, boron or zir- 
conium in the raw materials or from other 
sources has very decided effects on the rupture 
strength and ductility of the superalloys. 

Although some information is becoming 
available on trace elements, it seems clear that 
this is only the beginning. 

Ceramics play a very important role; they 
are holding or controlling the metal from the 
time a charge is made until the ingot is poured. 
Like the metals they hold, these materials are 
subject to the reduction reactions going on 
throughout the cycle. Because of this, the per- 
formance of a given ceramic is usually poorer 
in vacuum melting than air melting. For the 
same reason they can contaminate the melt to a 
greater degree. 

The majority of vacuum melters use either 
magnesia or zirconia linings, usually rammed in 
place and fired out on a suitable load — such as 
graphite or a steel can full of metal. In some 
instances the firing is done in air, although more 
often under partial vacuum. These linings have 
a reasonably good life (our experience is an 
average of 45 heats per lining) although this 
depends a great deal upon the particular instal- 
lation and the skill with which the lining is made. 

Magnesia linings have the advantage that the 
product of reduction, magnesium, is readily 
volatilized and does not change the chemical 
composition of the heat being produced, Zir- 
conium from zirconia linings remains in the melt; 
a pickup can be observed in the composition. 
The advantages of zirconia lie in its somewhat 
better physical properties as a crucible lining. 

We are beginning to learn that there are trace 
elements in the ceramics which have a significant 
effect on the properties of the materials pro- 
duced. In fact it is the same story as for raw 
materials. Trace elements in ceramics are ap- 
parently present as oxides which are reduced 
and leached out during the melting cycle. 
(Continued on p. 220) 
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Progress 
in 
Magnesium 


By H. G. WARRINGTON* 


Unlimited ore supplies, well-developed reduction and fabrication processes, 
light weight and other inherent advantages, together with 

continually improved alloys, foreshadow enlarged consumption for all sorts 
of machinery in motion, for nuclear reactors, and for consumer goods. 


(A general, 17-7; Mg) 


Wuen one starts to appraise the present 
and prospective situation of any metal such as 
magnesium, he will try to gather the facts about 
the amount and availability of the ores, the com- 
mercial methods of extracting metal, and finally 
the important fields into which it has entered and 
where considerable expansion of tonnage seems 
probable —all the time with one eye open to 
similar facts about competitive metals. At the 
risk of repeating things which are common 
knowledge to many readers of Metal Progress, 
I will try to summarize some items which will 
lead to a reasonable projection of the utility of 
magnesium. 

To maintain a perspective, it is worth noting 
at the outset that the ratio of consumption of the 
major metals in engineering is of the order of 
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one ton of titanium, ten tons of magnesium and 
500 tons aluminum to every 20,000 tons of iron 
and steel. In comparison with these the metals 
copper, zinc and lead — used since ancient times 
—are relatively rare in the earth’s crust but easy 
to recover, and their value varies with supply 
and demand in long-established uses. Nickel 
is mined commercially in a very few places; its 
eventual availability is little known, and it is not 
yet possible to speculate on the future of this 
intriguing metal. 

As remarked at the outset, three major vari- 
ables control the growth of a metal’s uses: (a) the 
availability of the element, (b) its ease of extrac- 
tion and (c) its ability to perform a given func- 
tion. Magnesium has infinite ore resources; its 


*Dominion Magnesium Limited, Toronto. 
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price will be set by the cost of extraction by the 
most efficient producer, regardless of supply and 
demand; hence its value is fairly readily deter- 
minable on a cost-versus-performance basis. 

Ores — Sea water contains enough magnesium 
(1300 ppm.) for it to be a source of supply. It 
is concentrated in sediments. In igneous rocks 
it increases with depth from less than 1% in 
granite to 30% in peridotites. The subcrust 
olivines (MgFe).SiO, contain up to 50% MgO. 
In fact magnesium was originally obtained from 
salt beds, and then (during World War II) from 
sea water and from sedimentary rocks. The last 
mentioned is of most importance to the Canadian 
industry. 

Some of the pre-Cambrian deposits have been 
purified by leaching, folded in bed rock and 
subjected to extremes of temperature and pres- 
sure. The dolomite of the Grenville series, 
exposed by glacial erosion in the Ottawa River 
valley in Canada, is of this type and has emerged 
as a crystalline marbie, almost chemically pure 
and of a composition corresponding to the com- 
pound CaCO, - MgCOs. Calcining this ma- 
terial yields a lime containing 25% magnesium 
which can be reduced in vacuum to metallic 
form by ferrosilicon, distilled from the residue, 


4 


Removing “Crowns”, Full of condensed Magnesium, From Retorts in the Pid- 
geon Ferrosilicon Process at Dominion Magnesium Ltd.’s Plant at Haley, Ont. 


and condensed in the cool end of the retort in 
one relatively simple operation — the well known 
Pidgeon process. 


Dolomite is by far the most abundant and 


readily available source of magnesium. Vast 
beds exist in almost every part of the world. 
Other workable sedimentary minerals are mag- 
nesite (magnesium carbonate), serpentine and the 
hydrate known as brucite. The last mentioned 
is a second Canadian source of magnesium. 

The importance of the industry to Canada 
may be gaged by the fact that Canada vies with 
Norway as the largest exporter of the metal, 
although the tonnage produced and consumed in 
the United States and Russia is considerably 
greater. It is a curious fact that magnesium from 
any producer in the world, including Canada, 
can be shipped at lower cost to Tokyo or Ham- 
burg than to Vancouver. 

Sea water and dolomite are the principal 
sources now used in the United States. Igneous 
rocks are a vast storehouse of magnesium, and 
since local conditions have so far decided the 
method of extraction adopted for this metal in 
different parts of the world, it is not incon- 


ceivable that those of the West Coast may 


ultimately be tapped. 
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Summing up, it may be said that the avail- 
ability of magnesium exceeds any foreseeable 
demand, and its low-cost production depends on 
the development of methods of extraction. 

Handling Molten Metal — For over a century, 
after its isolation by Davy, there was scarcely 
any real advance in magnesium. Today, when 
metals so reactive as titanium can be melted 
and cast, the handling of magnesium is taken 
for granted. As a matter of fact, industrial 
interest was small until methods were developed 
to protect the molten metal from oxygen and 
nitrogen in the atmosphere. 

This was solved by a three-stage fluxing 
technique. The metal is melted under a very 
fluid salt mixture which wets the solid metal 
surfaces until they are molten, and then forms 
a protective coating over and around the melt. 
In the second phase, the flux must be stirred in 
with the metal, almost to an emulsion, to hold in 
solution or suspension all nonmetallic impurities 
and carry them down to form a separable sludge. 
In the final phase the protective flux is thickened 
to a pasty crust on the surface, so it can be held 
back by a skimmer without the undesirable salts 
flowing into the ingot or casting. A recently 
discovered alternative is to add minute quantities 
of beryllium to inhibit oxidation. 

Such reliable methods of handling magnesium 
in the foundry have resulted in important struc- 
tural and mechanical applications. Examples 
can be quoted of thousands of tons per year 
consumed in single plants for tractor compon- 
ents, automobile engines or chain-saw parts. 

Expanding Usages — In other areas magnesium 
will grow more or less proportionately to world- 
wide consumption of all metals. The first of 
these is the field of alloying. The addition of 
magnesium to aluminum produces the strong 
structural alloys on which the aluminum industry 
is dependent. In amounts of 3% and over it 
increases the already high corrosion resistance 
of aluminum, in environments previously denied. 
Addition of magnesium to a proper cast iron 
endows it with malleability as cast, 
strength and ductility of ordinary steel. 

The other field is that of reduction metallurgy. 
In the last few years there has been an increasing 
demand for uranium, beryllium, zirconium and 
titanium in metallic form. 


and the 


This has consumed 
a corresponding amount of magnesium of the 
highest purity as a reducing agent. While all 
uranium will not be used as metal and some 
titanium is reduced by sodium, nevertheless, this 
demand has grown for tens of thousands of tons 
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of magnesium in an operation that did not exist 
15 years ago. 

Yet another area in which magnesium is tied 
with the usage of another metal is that of anodic 
protection. Low-carbon steels will be used for 
as many years as we can predict for pipelines, 
distribution pipes, storage tanks, ships and 
bridges. No matter what type of surface protec- 
tion is laid over these structures, 
eventually destroys them. The only assured 
prevention is to apply a direct current greater 
than the local anodic-cathodic currents which 
cause the rusting. The most economical current 


corrosion 


in the majority of structures comes from mag- 
nesium as an anode and the object to be pro- 
tected as a cathode in a simulated battery cell 
in which the corrosive medium is the electro- 
lyte. The metal magnesium is a more convenient 
source of power for these purposes than the 
utility companies. 

The structural applications of magnesium 
alloys have been limited up to the last decade 
by lack of strength at elevated temperatures. 
At ambient temperatures it is now the next 
least expensive material to steel for initial cost, 
and where weight is of any value it is the most 
economical. 

An example may be given in road transport: 
Trucking companies generally believe that they 
can pay $1.00 for every pound saved in their 
rolling stock. A light steel channel 6 ft. long 
weighing 13 Ib. costs about $1.26. The same 
sized channel in magnesium alloy will cost $2.16 
and weighs 3 lb. (In aluminum alloy it would 
cost $2.25 for 4.5 Ib. or titanium $90.00 for 7.5 Ib.) 
On a strength basis a conservative design ro a 
truck body will call for 5 or 6 lb. of magnesium, 
costing about $4.25, instead of the 13-Ib. steel 
channel. This saves 7 lb. or more, worth $7.00 
to the user, who thus has a total saving of almost 
$4.00. One operator on the Pacific coast claims 
the only steel in his trailers is in two shafts and 
the ball bearings! Weight saved in an airplane 
or its auxiliaries is fantastically valuable; it 
pyramids into lighter engines and less fuel 
capacity, and the designer carefully appraises 
each part on a strength-weight basis. The 
wrought and heat treated strong aluminum alloys 
are nearly twice as strong as their best mag- 
nesium counterparts and weigh only two-thirds 
more. Consequently they get the preference 
except in special places where the added thick- 
ness of the magnesium part lends necessary 
added stiffness against buckling, or in places 
where the incomparable machinability of mag- 
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Magnesium Jack-Spools Are Easy 
to Handle in a Weaving Mill 


nesium is an important factor. (It has been well 
said that no machine has ever been built which 
can cut too fast for magnesium.) 

A different set of circumstances exists in cast- 
ing alloys. On a strength-weight basis, mag- 
nesium is superior and hence we find that most 
of the magnesium in aircraft is in heat treated 
alloy castings. 

The magnesium alloys for use at normal 
temperatures are those containing from 2 to 10% 
aluminum, with about 1% zinc and a minor addi- 
tion of manganese. The benefits of additions of 
the rare earth metals (misch metal) have been 
known for 25 years, but have been recently 
emphasized by the need for creep resisting alloys 
for gas turbine engines or in heated portions of 
the fuselage near the engine or the exhaust. 
These alloys contain nominally 3% misch metal, 
and are grain refined with zirconium. This has 
warranted applications in positions where they 
reach as much as 600°F., although the low- 
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temperature properties are not so attractive. 

A further notable advance in this same direc- 
tion has been made by adding up to 4% thorium, 
in combination with appropriate amounts of 
zinc, zirconium and manganese. As indicated by 
Dr. Leontis’s article in Metal Progress in August 
of this year, p. 97, such alloying has now ex- 
tended magnesium alloys to the position where 
they give the highest strength-weight ratio of 
all commercial constructional metals up _ to 
800° F. The thorium-containing alloys also have 
attractive room-temperature properties. 

Based on tensile properties alone it can be 
argued that oxidation resistant steels of equal 
strength-weight ratios are regularly produced. 
On the other hand, the magnesium alloy is four 
times as bulky for the same weight, which means 
that members do not need to be paper-thin and 
production can go forward in normal equipment. 
Magnesium also has a _ considerably higher 
thermal conductivity, and a high “damage resist- 
ance” factor which allows the designer freedom 
to develop the most favorable section. 

In the field of nuclear energy the high purity, 
strength and low neutron absorption capacity of 
magnesium give it a place in structural applica- 
tions in addition to its use as a reducing agent 
for uranium. The excellent behavior of the 
magnesium alloy sheaths in the Calder Hall 
reactor (Metal Progress, July 1957, p. 67) shows 
that damage from radiation is minor and the life 
of the elements has exceeded expectations. The 
fact that strong alloys can be produced using 
elements such as zirconium, of favorable charac- 
teristics and free from dangerous “daughters” 
after radiation, gives magnesium a wide field in 
reactors operating at moderate temperatures. 

Summary — Magnesium today has reached a 
turning point in its history. The applications 
cited have arrived because each one needed a 
material to perform a given function—to get 
maximum life from a pipeline because of re- 
placement cost, for the best engine life and road 
performance of the Volkswagen car, or the high- 
est pay-load for the lowest tax-load on a truck. 
Almost all grain on the Great Lakes is handled 
with magnesium scoops and tackle blocks at the 
demand of labor unions for the lightest equip- 
ment. The list increases each year, and also we 
begin to see the housewife using magnesium 
step-ladders, the hotel porter a finger-light bag- 
gage truck, and the neighbor cleaning his walks 
with a featherweight snow pusher. These are 
the important people —the ones who bring it 
home! 
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Nondestructive Test Methods 


STAFF REPORT 


Five individual tests are made on each tube accepted for a 

nuclear reactor — visual, fluorescent penetrant, X-ray, eddy current, ultrasonic. 
Latest devices in these fields are outlined, together with “Photostress”, 
where surface stresses are estimated from the reflections of 

polarized light from a plastic sheet cemented to the part. (S-13, 1-3) 


Nive © chapters in Dixie cooperate effec- 
tively in holding annually a Southern Metals 
Conference, this year (May) in Jacksonville, Fla. 
All the eight meetings had a single slogan, “New 
Horizons”. One session was devoted to five 
papers describing newly developed equipment 
and methods for testing nondestructively and 
measuring electronically. Before summarizing 
them, two general comments are in order. The 
first is that most of the speakers represented 
equipment manufacturers and had of course a 
good deal to say about the virtues of the various 
instruments, whereas a better-balanced program 
would have had other speakers —users who 
could vouch for selectivity and accuracy in per- 
formance. The other comment would be that 
the arrangements committee-men must have 
been experts on automation and used invisible 
electronic gadgets to operate these technical 
meetings for the greatest convenience and in- 
terest of their guests. 

Ultrasonics — According to C. E. Betz of Mag- 
naflux Corp., Chicago, the use of ultrasonics has 
become widespread, first by the resonance 
method for determining the thickness and sound- 
ness of thin metal sections. Accurate thickness 
measurements may be made in the range from 
0.01 to 2.00 in. Laminations, voids, inclusions, 
lack of bond in brazed or clad materials, and 
decrease in thickness due to corrosion may also 
be detected. Instrumentation has also been 
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greatly improved and simplified. Today a small 
portable instrument weighing 17 Ib. can measure 
thickness up to 4 in. and report on a direct- 
reading scale. 

Ultrasonics equipment has also undergone 
considerable improvement in the field of pulse 
reflection. Addition of the “B-scan”, and refined 
immersion techniques, have greatly extended the 
utility of this method to the inspection of large 
forged and extruded shapes, particularly in the 
airframe industry. 

Angle crystals which generate shear waves 
are being applied to the inspection of welds. 
They may also locate surface discontinuities. 
New types of crystals for transducers, such as 
barium titanate and lithium sulphate instead of 
quartz, are also being investigated. 

(Comment — Especially would it have been 
valuable to the auditors to have received a level- 
headed discussion of interpretation of ultrasonic 
indications. This reporter remembers that two 
or three years ago, General Electric engineers 
analyzed a great mass of such data on hundreds 
of large rotors for electrical generators, combined 
with destructive tests on forgings rejected after 
ultrasonic inspection, and devised a “go, no-go” 
chart whereby forgings free of cracks could be 
selected.* Yet a bad accident occurred a year 
or so ago to a rotor which by this criterion should 
have been saie. ) 


" #See Metal Progress, February 1956, p. 57 
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End Dome of Shippingport Reactor. 
(Courtesy Combustion Engineering Co.) 


Eddy Currents — Mr. Betz also mentioned a 
large variety of electronic testing methods based 
on eddy-current measurements, attributing much 
of this development to the work of Friedrich 
Forster of Germany. The instruments mainly 
measure the electrical variations in a coil carry- 
ing an alternating current of appropriate fre- 
quency, placed near the metal object. 

This testing method is said to have many uses 
in America, Some of these are (a) determination 
of electrical conductivity of metals and alloys, 
(b) detection of hardness of aluminum alloys 
within plus or minus 4 points on the Rockwell 
B-scale, (c) thickness of metal films, electroplates 
and cladding. 

Similar equipment can find surface defects in 
wire, bars, and tubing; here the material being 
tested is passed through coils which are fed with 
oscillating current of a frequency adapted to the 
material. Discontinuities are indicated on a 
cathode-ray screen. Sometimes two variables 
are measured at once, such as surface defects 
and dimensional variations. Other electronic 
equipment can detect the degree and direction of 
grain orientation in transformer sheets, Young's 
modulus of metallic alloys, and damping 
capacity. 

Magnetic particle inspection (“Magnaflux”) 
has been extended into new fields through the 
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development of automatic equipment, according 
to Mr. Betz. Practices for inspecting tube 
rounds, seamless tubes, seam welded pipe, honey- 
comb sandwich construction, and other assem- 
blies were described. 

Fluoroscopy — Alexander L. Gobus of North 
American Phillips Co., New York, briefly re- 


viewed developments in the field of X-ray 
fluoroscopy. The object here is to decrease costs 
by eliminating photographic film. This requires 
a screen of high brightness combined with in- 
dustrial X-ray equipment especially designed for 
the fluoroscope and with intensity of X-ray ad- 
justable to the needs of the specific application. 
A contribution to the solution of these problems 
is the new Phillips image intensifier which con- 
tains a fluoroscopic screen of unexampled bright- 
ness. This intensifier consists of an X-ray target, 
and the phosphor with the object half way be- 
tween; this gives an X-ray magnification of two 
diameters. The image intensifier contains a fine 
grained phosphor, backed with a metal coating 
which converts visible radiation to electrons. 
Through the influence of high voltage, the elec- 
trons emitted from the photo-cathode are 
accelerated, resulting in a thousand-fold gain in 
brightness at the fine grained fluorescent screen. 

Mr. Gobus gave complete details of the special 
components in this equipment in its pilot stages 
at Phillips’ plants in Holland. He projected 
photographs of installations for inspecting longi- 
tudinal welds in large diameter pipe with \%-in. 
wall, Rate of inspection was 10 ft. per min., 
which approximates the normal welding rate. 
The equipment included a viewer inside the 
pipe and a television screen which the inspector 
watched — an arrangement similar to the one 
illustrated in Metal Progress for July. One worry 
persists: Will this or will it not affect the in- 
spectors’ viewing habits for commercial TV? 

Photo-Elastic Indicators —“Photostress”, a 
photo-elastic experimental stress analysis tech- 
nique was described by F. Zandman of Tatnall 
Measuring Systems of Philadelphia. The piece 
to be stress-analyzed is coated with a clear 
plastic that becomes doubly refractive when 
stressed, whereupon the over-all distribution of 
surface strains appears under polarized light as 
black and color fringes in the plastic coating. 
This avoids making plastic models of stressed 
objects; it can also be applied locally to any 
large structure to determine strains at critical 
sections. It differs from usual photo-elastic 
techniques in that a transparent plastic (either 
(Continued on p. 222) 
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INFORMATION 


P New 16-page booklet presents latest 


information on basic characteristics, 


' mechanical properties and workability 

“ of Aristoloy Leaded Steels. Test results 
are supported by complete data and 

_ Charts. Also contains several pages of 
case histories based on manufacturers’ 
experience and documented by time study 
records, showing actual savings in reduced 


machining time and increased tool life. 
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COPPERWELD STEEL COMPANY 


STEEL DIVISION 
4013 Mahoning Avenue + Warren, Ohio 


EXPORT: Copperweld Stee! international Co. 
225 Broadway, New York 7, N.Y. 


Send me NEW booklet on leaded steels. 


JUST OFF THE PRESS... seuidiinas 
SEND FOR YOUR COPY TopaAY!: 


NAME 


TITLE 
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Why Be a Metallurgist ? 


NorMan, OKLA. 


The letter by Student Allen 
Alchian on p. 120 raises some inter- 
esting questions, particularly in 
economics. Editor Thum’s reply is 
a cogent exposition of “why be a 
metallurgist” from the standpoint of 
economic as well as less tangible 
rewards. Some observations based 
on my own experience in both aca- 
demic and industrial fields may be a 
helpful supplement. 

First, let’s look at some charac- 
teristics of the professions. A pro- 
fessional person possesses a higher 
intelligence level, more resourceful- 
ness and ingenuity, better ability to 
understand relationships than is 
found in men in the trades. His 
work is more mental than physical. 
He is a person with highly indi- 
vidualistic talents. The value of his 
work is more difficult to establish in 
concrete terms because he is con- 
tinually dealing with ideas and con- 
cepts. The professional thinks many 
hours for which he is not paid. He 
asks for a chance to do a larger job 
and to earn the right to manage more 
extensive responsibilities. He knows 
that the fruits of his work are much 
greater than if he were making 
electrical connections, sawing wood 
or plastering laths. He has pride 
in his work that few craftsmen take 
in theirs. 

Professionals invest from four to 
eight years of their lifetime in their 
training in order to have the chance 
to try for the big job. They are men 
with vision, men with developing 
judgment and firm convictions. 
Metallurgy is one field in the profes- 
sions. It happens to be one of the 
fields for which there is the greatest 
opportunity open to young men. 


What the professional doesn’t 
want is a bargaining agent that 
whittles his ability to the level of 
the least competent in the trade. 
The American Society for Metals is 
a professional society. There are 
dozens of this type of society, many 
of them working closely with one 
another. There is no jurisdiction 
as you will find in the mass labor 
organization. Rather it is a group- 
ing of scientific men and practical 
engineers who put time and energy 
into a common cause. Here you 
find the mingling of academic men 
and industrial men. These people 
are not concerned with the short- 
term cycle of a labor market so 
much as they are with the continu- 
ing supply of intelligent and com- 
petent recruits that will assure 
fullest service to mankind. 

I am not sure whether I am the 
college teacher you referred to. If 
I am, let me advise you that I spent 
13 years in industrial employment 
and during World War IL was chief 
chemist on a hundred million dollar 
operation. I have voluntarily taken 
a very considerable reduction in 
salary to become a teacher but I 
have gained a very marked increase 


in prestige. I enjoy working with . 


and teaching young people. It has 
been a cardinal point that I do not 
beat the drums just to pull individ- 
uals into a scientific field. When- 
ever I run across a young man who 
does not have the mental ability for 
college work, but with ability 
enough to have a useful, happy and 
rewarding life in one of the semi- 
professional crafts, I do not hesitate 
to encourage him to choose one of 
those fields after he has looked at 
all the factors. I am a little impa- 
tient with young people who sell 
themselves short by looking for the 
softest course of study; many never 


realize what their potentialities are. 
You are implying that we college 
teachers feel that we have to have 
many people come to college to fill 
our classes so that we don’t have to 
pump gas or something. Frankly 
there are many young men who 
come to college who do not deserve 
that privilege. Some of them have 
kicked the gong around and goofed 
off to where they don’t deserve to 
have any future opportunity until 
they have faced up to personal re- 
sponsibility. I am not concerned 
about having empty classrooms. All 
of the forces of civilization are work- 
ing in the other direction. We have 
to try to teach individuals who weigh 
us down by sheer indifference and 
laziness to the point that we can't 
do what we should in order to de- 
velop those who deserve more atten- 
tion. Consequently, I reject your 
inferred motivation of my interest in 
this area. My concern is to fill useful 
minds, not fill classroom chairs. 
There is room for many more good 
young men in the sciences and in 
engineering; it is a choice that 
should be based on personal interest 
and special aptitudes. The prospect 
of a 40-year period of useful and 
interesting life should outweigh any 
temporary wage-scale advantage. 
There is room in each of the pro- 
fessions for good young men who 
want to be individuals and want an 
opportunity to advance. There is not 
room for the man who wants to learn 
the job in a month and then take no 
further responsibility for personal 
development. I believe that prob- 
ably the greatest opportunity for a 
young person now lies in metallurgy. 
Horace H. 
Chairman 
Oklahoma Science Service 
University of Oklahoma 
(More correspondence on p. 148) 
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Interior of Kemp Melting Pot 


For the inside story on low-cost melting pot operation... 


Come Kemp 


One 15 ton Kemp Immersion Melt- 
ing Pot tempers 650 feet of steel 
strap a minute at Signode Steel 
Strapping Co., Sparrows Point, 
Md. High production schedules are 
maintained with substantial savings 
in fuel and down-time. 
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Kemp, the pioneer in immersion heating, can 
show you documented proof of the efficiency 
and economy of Kemp Immersion Heating 
Pots. For dipping, coating, and annealing in 
solutions, soft metals, and salts; Kemp units 
provide the precise control and economical 
operation that gives you a better product at 
lower cost. 


Kemp Gas-Fired Immersion Heating 
Units put an end to cracked pots, costly heat 
losses . . . give you uniform heat distribution, 
quick recovery and high capacity. Kemp 


heating elements inside the pot transfer heat 
directly to the material being heated. There 
is no exposed flame, and radiation losses are 
minimized. You get accurate and sensitive 
temperature control, without overrun or lag. 


Kemp pots are available in capacities 
from | to 75 tons, with melting rates 
up to 26 tons per hour. Your Kemp 


Representative will give you full 
details; or write us direct for Bulletin 
IE-11. The C. M. Kemp Mfg. Co., 
405 East Oliver St., Baltimore 2, Md. 


OF BALTIMORE 


Kemp Convection Inert 
Dryers 


Kemp 
Dryers 


Kemp Industrial Oried 
Carburetors 
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High Speed Drawing 


Block 


The Midwest fepresentatives of 
the Prutton Gorporation, manu- 

facturet of thé Rollmaster thread 
rolling machine, and the G. C 

Patterson Machine Company, 

manufacturer of high speed, auto- 

matic, wire straightening and 

cutting machinery. 


Modern Way to Roll Threads” 


The Prutton Rolimaster planetary thread 


Polling machines Rave introduced an er- 
tively new concept of thread rolling plan 


aing and production. Based on the rotary — 


thread rofing principletrese high produc. 


tion machines offer temencous savings 
in thread rolling cost. The wnique prc 


duction of 609 pieces pe; minute, 


quick changeover and low workload have 


enabled many manufacturers to obtain 


daily yields of 500,000 and :,000,000 


pieces from one operator running two. 


three and even four Pruttons 

The versatility of the Pruttan hopper 
feed system makes it possimle 'o a 
variely of standard and Speciality items 
‘not achieved hy any other mac ine on the 


market today 


Literature available on request. 


Solve Wire Cutting Protlems fast 


To satisfy the many Cema@nds of the wire 
fabricating industry The G. ©. Patterson 
Machine Company fas developed the 
most complete and versatile line of high 
speed aulomabe wire straightening anc 
cutting eqmpment on The marke! today 
Machines are available to handie a 
range from diameter ‘ound 
and shape w.re in both-the siationary cu! 


_and the Wiping shear (Tramsit 


modeis. These machines feature such 


Patterson innovations Wichita ciutc) 


Reeves variable drive, efectric trip and 
other featu:es to umprave their speed anc 
performances 

The Patterson transit cut models 
ture the first fully synchronized f\yine 
shear type operation for straightening ind 


citing with Spot swell and 


burring. 
Write todaydor detailed literature. 


A new, modern bull block for producing 
finished wire from 4” to 4” diameter. Speeds 
from 100 ft. to 400 ft. per minute. Available in 
a range of from 40 to 100 H. P. A streamlined 
piece of equipment with a production capac- 
ity far in excess of competitive equipment. 

We also build special machines and multiple 
capstan, continuous wire drawing machines. 
We will consider building any equipment 
related to the production of wire, bars or rods 
—anything in the wire field. 


Get complete details at Booth 1522 
39th National Metal Exposition 


WIRE MACHINERY, INC. 


5407 S. Knox Ave. Chicago 32, Ill. 
Telephone POrtsmouth 7-2500 


Musical Metallurgy 


TORONTO 

I noted with interest the digest in 
the August 1957 issue of Metal 
Progress on “Musical Metallurgy” — 
in particular, the paragraph on the 
making of bells. Could it be a 
printer's error, an error on the part 
of the precis writer, or have they 
really started making bells in Bir- 
mingham from an alloy of 80% tin, 
20% lead? 

I am particularly intrigued by this 
since not only was I born in Birming- 
ham myself, but my late father was 
also one of the foremost campanolo- 
gists in the British Isles. (For the 
uninitiated, a campanologist is a 
person versed in the art of change 
ringing on church or other bells.) 

Seriously, an error has been com- 
mitted somewhere since the standard 
mixture used for the manufacture of 
bells is 78% copper, 22% tin, occa- 
sionally modified with additions of 
zine, iron, nickel or antimony. 

F. C. Dowp1nc 
Chief Metallurgist 
Lucas-Rotax Limited 

Eprror’s Nore — Mr. Dowding is 
correct. The error originated in the 
digest, and was not caught in the 


Kelly-Bessemer Process 


CuHiIcaco 

The article on p. 77 of the August 
issue of Metal Progress is interesting 
—and completely misleading. If 
Mr. Weiss regards the Kelly-Besse- 
mer process as having been antici- 
pated by a furnace that uses the 
blast from a bellows, then, surely, 
he should at least go back to Theo- 
philus (somewhere around 1000 or 
1100 A.D.), who describes a furnace 
for bronze bellfounding that is like 
Réaumur’s except for the ingenious 
tilting mechanism; and perhaps he 
should seek the first use of bellows 
anywhere. Réaumur’s furnace was _ 
a cupola, not a converter. It used 
charcoal as a fuel and produced 
little change in the composition of 
the metal that was melted. The 
product was not steel, but white 
cast iron, which was poured into 
sand molds and subsequently an- 
nealed for malleabilization. 

And why bring Swedenborg’s 
name into the story? He merely 
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ZaNeed special-purpose wire or steel? 


Hope to see you Ww 
METAL SHOW 


Booth No. 1745 


Whether it’s manufacturing special wire and steel to 
your specifications, or working with your engineers to 
develop new types to solve new problems, you can 
always count on National-Standard for something ex- 
tra ...in quality control... in product uniformity . . . 
and in service! Not just an idle boast. We’ve been 
doing it that way for over 50 years . . . and would like 
very much to prove it to you. 
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DIVISIONS: NATIONAL -STANDARD, Niles, Mich.; tire wire, stainiess, music spring and plated wires + WORCESTER WIRE WORKS, Worcester, Mass.; high and low carbon specialty wires 


J.; metal decorating equipment + ATHENIA STEEL. Clifton, N. J.; Mel. high carbon spring steels + 
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ial heavy breakdown of fuel element materials, 


ini 


For 


hot or cold, this new FENN Heavy Duty Breakdown Mill 
with 16” diameter rolls meets every requirement. Re- 


ently installed by one of the nation’s leading producers 


the atomic energy field, this high precision mill was 
esigned and built for heavy separating loads, high torque 


nts, herringbone gears, electric screw down 


portant features include rolled steel plate housing, 
jon bearings throughout, high torque precision 


apacity, variable speed and exceptionally rapid reversing. 


Othery 


g, and large clock type dial indicators. 


Atever your metal form 
engineering service. Write Nuclear Machinery Division. 


ts, consult Fenn 


ing requiremen 


Kelly-Bessemer . . . 


had the illustration re-engraved, and 
translated its description into Latin. 
The furnace is Réaumur’s alone. 
This very picture, copied from the 
original engraving in the 1722 edi- 
tion, was used on the dust jacket of 
Mrs. Sisco’s 1956 English trans- 
lation of Réaumur’s work. 
Swedenborg’s three - volume 
“Opera Philosophica et Mineralia” 
gives a useful picture of Swedish 
practice in the 1730's, but a good 
deal of the metallurgical information 
is merely compiled from earlier pub- 
lications, with meticulous credit. It 
would be nice to see de Ferro put 
into English, but it is available in 
Bouchu’s French (1762 and later). 
An English version would change 
the history of technology a very 
great deal less than its author's 
mystical writings have affected re- 
ligion. Personally I would much 
rather see an English translation 
made of the “Férséck till Jarnets 
Historia” written by Swendenborg’s 
compatriot Sven Rinman in 1782. 
This has the stamp of originality on 
every page and gives a fine detailed 
picture of the science and technol- 
ogy of iron and steel at an extremely 
critical stage in their development. 
Cyrnm. STANLEY SMITH 
Institute for the Study of Metals 
University of Chicago 


Who Makes 
High-Purity Metals ? 


Ames, Iowa 

Frequently, researches financed 
by the U.S. Atomic Energy Com- 
mission require considerable quanti- 
ties of metals of highest purity, and 
just as frequently we do not know 
where the metal has been or is being 
produced in commercial or pilot- 
plant quantities. Our requirements 
run from the common metals such 
as zinc to the rare ones such as 
scandium. 

I would welcome correspondence 
on this matter, either from the pro- 
ducers of high-purity metal any- 
where, or from researchers who have 
faced a similar problem and found 
a suitable source. 

Harvey A. WILHELM 
Associate Director 
A.E.C. Metallurgical Laboratory 
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Sylvania 


Pellets 


New, smaller size 

pellets (¥4” diameter x 44” high) offer 
higher density (typically 7.5 g/cc) and 
greater uniformity. New size is easier to 
handle, too—and will sink quickly 

in the melt. 


—the new form manufactured to specified 
purity and composition 


Sylvania Molybdenum Pellets are designed 
and manufactured specifically for use in 
vacuum melting. They provide a readily avail- 
able source of the best purity molybdenum 
(typical 99.85%) available on the market. 
Detrimental impurities are at an extremely 
low level. This consistent high purity simpli- 
fies the calculation of additions to each melt 
as the usual variations of purity and gas 
content are eliminated. 

By maintaining a high density, the gas 
content of the pellets is kept well below that 
acceptable for vacuum melting. In addition, 
the compact uniform size of the pellets facil- 


itates weighing and charging to the melt. 

When you use Sylvania Molybdenum 
Pellets, you benefit in other ways, too. Their 
continuous availability means you can plan 
your production schedules on a long-range 
basis. Further, their pricing stability permits 
you to price your own product without 
having to worry about fluctuating raw 
materials costs. 

Call your Sylvania representative or write 
for details. 


SYLVANIA ELECTRIC Propucts INc. 
Tungsten and Chemical Division, Towanda, Pa. 


TUNGSTEN * MOLYBDENUM + CHEMICALS + PHOSPHORS + SEMICONDUCTORS 


SYLVANIA 


LIGHTING + RADIO + ELECTRONICS > 
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Personal Mention 


George Sachs 


Three German institutions have 
honored Georce Sacus @, professor 
of metallurgical engineering and 
associate director of the Syracuse 
University Research Institute, for 
his many contributions to science 
and engineering. 

Dr. Sachs was awarded the Gauss- 
medal by the Braunschweigitche 
Wissenschaftliche Gesellschaft, an 
academy for engineers, physicists 
and chemists of the Institutes of 
Technology in Braunschweig and 
Clausthal. 

The highest award of the Gesell- 
schaft fiir Metallkunde (the German 
Society of Metals), the Heyn Medal, 
was also presented to him. Both 
awards mention his outstanding 
achievements in the metallurgical 
field, including the mechanical and 
X-ray stress measurement methods 
developed by him. 

In addition to these medals, Dr. 
Sachs was awarded an honorary de- 
gree of Doctor of Engineering from 
the Bergakademie of Clausthal, the 
only university in West Germany de- 
voted to mining and metallurgy. 

Since coming to this country from 
Germany in 1936, he has held var- 
ious positions in the metallurgical 
field, including nearly ten years at 
Case Institute of Technology as a 
professor and director of the Metals 
Research Laboratory, and more re- 
cently several years as vice-president 
of Horizons, Inc., in Cleveland. Dr. 
Sachs is also a consultant for several 
companies here and in Germany. 


Harry J. Huester 


Harry J. Huester @ has been 
transferred to the Naval Air Ma- 
terial Center, Aeronautical Struc- 
tures Laboratory, at the Philadelphia 
Naval Base, formerly the Naval Air- 
craft Factory. With this move, 
Comdr. Huester returns to the base 
where he began his naval aviation 
career nearly 40 years ago. 

In 1918, he was first assigned to 
the metallurgical laboratory of the 
Naval Aircraft Factory, the first such 
installation in naval aviation re- 
search and development. After 11 
years at this base, he was transferred 
to the Bureau of Aeronautics in 
Washington, D.C., as a materials 
engineer and remained with the 
Bureau on various assignments in 
this country and abroad for over 20 
years. In 1951, he was assigned as 
technical director of the Aviation 
Supply Office in Philadelphia. Two 
years later he was sent to the Naval 
Air Station in Jacksonville, Fla., as 
aeronautical engineering officer of 
the overhaul and repair department, 
fleet aircraft and technical training 
support. 

While stationed in Jacksonville, 
Comdr. Huester, then a 30-year 
member of A.S.M., found there were 
no @ chapters located nearby and 
immediately began efforts to or- 
ganize the first @ chapter in Florida. 
He served as first chairman of the 
Jacksonville Chapter and last May 
acted as chairman of the @ South- 
ern Metals Conference held in Jack- 
sonville, Fla. 


Allen G. Hotchkiss 


ALLEN G. Horcnkiss @, manager 
of engineering-special furnace heat 
processing equipment, of the indus- 
trial heating department, General 
Electric Co., Shelbyville, Ind., has 
received the Trinks Industrial Heat- 
ing Award for his pioneering 
developments in protective atmos- 
pheres. His citation includes men- 
tion of his development of exo- 
thermic and Neutralene generators 
at G.E. and the introduction of 
exothermic gas in copper brazing. 

Mr. Hotchkiss’s entire professional 
career has been spent with General 
Electric. After his graduation from 
Kansas State College in 1926, he 
joined G.E.’s engineering test pro- 
gram, and after two years in various 
divisions, he was assigned as an 
engineer in the industrial heating 
department, engaged in develop- 
ment work on furnaces. In 1931 
he became one of the first to work 
with furnace atmospheres and equip- 
ment, and continued in this field 
until he joined the Armed Forces in 
1942. After the war, he returned to 
General Electric and was soon 
named technical leader for the de- 
partment’s furnace and associated 
equipment section. He has held his 
present position since 1954, and re- 
cently has been acting as consultant 
for the department's furnace engi- 
neering section. 


Norbert Kopchinski © is presently 
a consulting engineer for Harper 
Engineering Co., Santa Monica, 
Calif., on field assignment at the 
University of California’s radiation 
laboratory in Livermore, Calif. 
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PHONE 6-2561 e@ TELETYPE DV 588 


World's largest producer of secondary nickel alloys of certified analysis 


HOW 
MUCH 
NICKEL 


IN A 
CHARGING BOX 
FULL OF SCRAP? 


Even the best guess is never a sure thing. Never as sure as 


using Alloymet Nickel Alloy Pig. Comes to you in 


freight-saving all-fiberboard carton with its own pallets 


— weight and certified analysis right on the side. 
The whole carton of 26 pigs — about 1300 pounds F 


— goes right into the furnace as is. 


Check with us. See how using Alloymet 


Pig works out in your steelmaking 


operation. 


LO Inc. 


(Formerty a oivision of ALTER COMPANY) 


ROCKINGHAM ROAD 
DAVENPORT, 10WA 
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When you need 52100 steel bars and tubes go 
direct to Peterson....world’s largest stocks. NOTE: 
For better machineability specify leaded bars. 


PETERSON 


STEELS, INC. 


Union, New Jersey * Detroit, Michigan * Chicago, Illinois 
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Personals . . . 


Bennett Bovarnick @, supervisory 
physical metallurgist of the Gen. 
Thomas J. Rodman Laboratory, 
Watertown Arsenal, Watertown, 
Mass., has been awarded the Secre- 
tary of the Army’s Research and 
Study Fellowship. As a recipient 
of this award, Dr. Bovarnick is 
entitled to six months study at Cali- 
fornia Institute of Technology, 
where he will work on a project to 
discriminate reliably, by nondestruc- 
tive research technology, between 
levels of quality of sintered metal 
materials. This fellowship is award- 
ed not only for past achievement 
but for the proposal of a creative 
plan for study and research. 


Joseph E. Foster @ and James J. 
Kubbs @ have joined the editorial 
staff of the American Society for 
Metals as associate editors of Metals 
Handbook. Mr. Foster was formerly 
asistant to the technical director of 
the American Foundrymen’s Society, 
while Mr. Kubbs was chief metal- 
lurgist with the Jeffrey Mfg. Co., 
Columbus, Ohio. In addition to 
more than ten years with the Foun- 
drymen’s Society, Foster's metal- 
lurgical background includes posi- 
tions on the technical staff of 
International Harvester Co., Rock 
Island Arsenal and Western Cart- 
ridge Co. Prior to joining Jeffrey 
Mfg. in 1950, Kubbs was connected 
with National Smelting Co., Vichek 
Tool Co. and Modern Steel Treating 
Co. in Cleveland. 


Fred Louis Siegrist @ has been 
appointed training supervisor for 
the rapidly expanding Metals En- 
gineering Institute of the American 
Society for Metals. Until taking 
over his new assignment, Mr. Siegrist 
was a staff metallurgist for the 
Aluminum Co. of America, con- 
cerned with development work and 
quality control of extrusions. He 
has also been affiliated with the 
Wright Aeronautical Div. of Curtiss 
Wright Corp., Wood-Ridge, N.J., 
and Westinghouse Electric Corp. 


Lee E. Dillenbeck © has joined 
the staff of the Bettis plant of the 
atomic power research laboratory, 
Westinghouse Electric Corp., Pitts- 
burgh. Mr. Dillenbeck will be en- 
gaged in engineering and develop- 


ment work on nuclear cores. 
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CYLINDRICAL PRODUCTS FOR INDUSTRY 


CYLINDRICAL APPLICATIONS: 


/ 


More and more design engineers are real- 
izing that new applications for centrifugal 
castings are unlimited . . . thanks to new 
knowledge about alloys . . . new casting 
and machining techniques and facilities. 


From simple bushings to atomic reactor 
components . . . from bronzes to heat, 
corrosion, and abrasion resistant stainless 
steels... from 7” to 54” O.D. and lengths 
to 33 ft—Sandusky centrifugal castings 


are providing gratifying results in scores 
of applications, many unheard of a few 
years ago. 

What cylindrical or piping problem can 
we help you solve? . . . Code pressure 
vessels? . . . Reactor vessels? . . . Power 
Piping? . . . What is your problem? 

Your inquiry will bring more informa- 
tion promptly . . . or, if you prefer, a per- 
sonal call by one of our engineers. 


(S) 
CENTRIFUGAL CASTINGS 


UNLIMITED 


andusk 'V Foundry & Machine Company 


SANDUSKY, « Stainless, Carbon, Low Alloy Steels —Full Range Copper-Base, Nickel-Base Alloys 
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Industrial’s “Circ-Air” tem- 
pering furnace is:the most 
efficient heating machine 
ever designed. 


The turbulent recirculation 
of hot gases through and 
around the work insures 
maximum and uniform heat 
transfer. Proper channel- 
ing of the hot gases to the 
work prevents wasteful dis- 
sipation of heat; and puts 
heat where it is needed — 
on the work. 


A “Cire-Air” processing 2000 lbs. per hour at 1300° F., hold- 
ing +5° F., forces 14,500 C. F. M. of hot gases through the 
work. “Circ-Air” heating is recirculation at its best. 


The continuous “Circ-Air” is suitable for heating steel, brass, 
aluminum and cast iron at temperatures up to 1450° F. 


| 


= 


WHY THE CIRC-AIR IS THE BEST TEMPERING FURNACE! 


The work is carried on a continuous conveyor. Loading can vary; %” 
bolts are densely loaded up to 3” deep. Less dense loadirig may be 
20” deep. A 3’ x 21’ “Circ-Air” tempers over 2000 Ibs. per hour. 


Hot gases from the combustion chamber “C” and recirculated gases 
returning from the work chamber mix in the fan area “F.” Entering 
the heating area through “T” at control temperature, balanced heat 
is directed to the charge and discharge ends, and is returned to the 
mixing chamber. The continuous V construction of the metal liner 
forces the hot gases up and down through the load at high velocity. 
The hot gases in the heating zone flow counter to the work. Heat 
transfer is rapid. Equilibrium is reached at point “E”, and +5° F. 
is held the length of the holding zone. Heating is without 
temperature head. 


“Cire-Air” furnaces have been built in widths up to 108 inches, in 
lengths up to 165 feet, for temperatures from 250 to 1450° F., and 
capacities from 200 to 16,000 Ibs. per hour. Send for Bulletin 13-A 


INDUSTRIAL 


HEATING EQUIPMENT CO. 


CIRC-AIR 3570 FREMONT PLACE, DETROIT 7, MICHIGAN ¢ WALNUT 3-7000 


PIONEERS AND STILL LEADERS IN RECIRCULATION 


SEE YOU AT BOOTH 1558—CHICAGO METAL SHOW 


Personals . . . 


Lewis P. Wilson @, until recently 
chief metallurgist for the U.S. De- 
fense Corp., St. Louis, Mo., a sub- 
sidiary of Olin Mathieson Chemical 
Corp., is now a process engineer 
for the Sandia Corp., Albuquerque, 
N.M. Before moving to St. Louis, 
he was a research metallurgist at 
the Olin Mathieson home plant in 
East Alton, Ill. 


Stanley M. Norwood @, vice- 
president of the Electro Metallurgi- 
cal Co., New York, a division of 
Union Carbide Corp., has been as- 
signed additional responsibilities as 
assistant to the president of the 
company. Mr. Norwood has been 
associated with Union Carbide since 
its formation in 1917, and since 1927 
has devoted his time to sales and 
technical development with the 
Electromet division. 


Emil A. Kovacevich @ has ac- 
cepted a position as metallurgist 
concerned with high temperature 
nuclear applications with the 
AiResearch Mfg. Co. of Arizona, 
Phoenix, Ariz. A graduate of the 
Montana School of Mines, Mr. 
Kovacevich was formerly a metal- 
lurgist at Oak Ridge National Lab- 
oratories, Oak Ridge, Tenn., a di- 
vision of Union Carbide Nuclear Co. 


Herbert E. Edlund @ has been 
appointed president of the Air- 
Tronics Engineering Corp., Miami, 
Fla. His duties will be to co- 
ordinate and formulate all design, 
engineering and sales activities. 


Eric M. P. Caunce @ has been 
promoted from chief chemist and 
metallurgist with the Ford Motor 
Co. of Canada, Ltd., to manager of 
the chemical and metallurgical de- 
partment manufacturing staff of the 
company. 


Howard R. Palmer @ has trans- 
ferred from the National Lead Co., 
Sayreville, N.J., to the development 
engineering department of Titanium 
Metzls Corp. of America, Hender- 


son, Nev. 


Rollin E. Hook @ is on active 
duty with the U.S. Air Force, sta- 
tioned at Wright-Patterson Air 
Force Base, Dayton, Ohio, in the 
metallurgy branch of the aeronau- 
tical research laboratory, Wright Air 
Development Center. 
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These parts are IMMUNE TO 
MOLTEN ALUMINUM 


Molten aluminum can’t wet, can’t harm the precision-formed parts shown 
here. These parts and fittings for aluminum die-casting and direct-chill 
castings are all made of REFRAX® silicon-nitride-bonded silicon carbide. 
They are Carborundum’s answer to the need for a material that can be 
formed into intricate parts with outstanding corrosion resistance far 
above normal melting temperatures. REFRAX shapes are solving many 
problems in aluminum holding furnaces and aluminum alloying furnaces 
(inchuding reverberatory and induction). 

Consider the value of these other properties in your operation: Toler- 
ances of + .0005 in./in.; a modulus of rupture of 5600 psi at 2450°F 
(even the best heat resistant alloy melts below this temperature); and 
high heat conductivity that approaches that of chrome-nickel steel. Write 
today for product bulletin and technical articles on REFRAX materials. 
Refractories Division, The Carborundum Company, Perth Amboy, 
New Jersey, Dept. MM107. 
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ERASE HYDROGEN, OXYGEN AND 
NITROGEN FROM YOUR MELT! 


The KINNEY F-9 High Vacuum 
Furnace is a highly versatile 
research tool handling up to 5 
pounds of metal. Induction or 
resistance heating with tem- 
peratures to 2000° C and over. 


WRITE 


for full information on 


The elimination of contaminating gases imparts 
much more than improved grain structure to fer- 
rous and non-ferrous metals. Metallurgists find that 
High Vacuum imparts distinctly new attributes and 
that, in many cases, the end product might well be 
considered an entirely new one. 


From laboratory to full production you'll find your 
answers to problems in Vacuum Metallurgy in 


® 


HIGH VACUUM PUMPS 


KINNEY Pumps comprise the most extensive selec- 
tion of sizes and types in the entire High Vacuum 
field. From single-stage Simplex and Duplex (with 
ultimate pressures of 10 microns, McLeod), and 
two-stage Compounds (producing pressures to 0.2 
micron, McLeod), to the famous KINNEY Mechani- 
cal Booster Pumps providing ultimate pressures of 
0.2 micron, McLeod or better, here is the ideal 
equipment for you! 

Now, KINNEY experience and “know-how” offer 
Complete High Vacuum Furnaces and Ovens for 
laboratory, pilot plant, or large scale production. 


| KENNEY wes. oivision 


Personals . . . 


Morton M. Jenkins @ has joined 
the A. M. Byers Co., Pittsburgh, as 
steel sales metallurgist, in line with 
the company’s expansion of specialty 
steel business. Before coming to 
Byers, Mr. Jenkins was chief metal- 
lurgist with Pittsburgh Forgings Co. 


James M. Zimmer @ has left the 
Aircraft Gas Turbine Div. of Gen- 
eral Electric Co., Evendale, Ohio, to 
become a staff metallurgist in the 
research and development laboratory 
of Crucible Steel Co. of America, 
Pittsburgh. 


Thomas E. Clagett © is the newly 
appointed Detroit district sales en- 
gineer for Wickes Machine Tool 
Div., Wickes Corp., Saginaw, Mich. 
Prior to his appointment, Mr. 
Clagett served the division in an 
engineering and sales capacity. 


Robert L. Reed @ has been ap- 
pointed regional manager of the 
Pittsburgh sales region for the 
Electro Metallurgical Co., New 
York, a division of Union Carbide 
Corp. Prior to his new appoint- 
ment, Mr. Reed was acting regional 
manager of the Pittsburgh region, 
which includes the Pittsburgh and 
Cleveland districts. 


Hugh Trumbull ©@ has been 
named plant manager of the Solar 
Steel Corp.’s Worcester, Maass., 
plant. Mr. Trumbull, who has been 
with the company for seven years, 
was New England sales manager 
for Solar until his promotion. 


W. Lee Williams @ has been 
selected to superintend the metals 
division of a newly established 
metallurgy department at the U.S. 
Naval Engineering Experiment Sta- 
tion, Annapolis, Md. The metal- 
lurgy department is the first of four 
major specialized departments being 
established in the reorganization of 
the Station’s technical laboratories. 


KINNEY High Vacuum 
Pumps and High Vacuum 
Furnaces today. 


Mr. Williams was assigned to the 
Station in 1942 as a lieutenant in 
the Naval Reserve and after his dis- 
charge in 1946 remained in a civilian 
capacity. He last headed the physi- 
cal metallurgy branch of the now 


disbanded metallurgical laboratory. 
John R. Rink @ has accepted a 


position as materials engineer with 
Minneapolis Honeywell Aero Div. 
in St. Petersburg, Fla. 


THE NEW YORK AIR BRAKE COMPARE 
3584K WASHINGTON STREET * BOSTON 30 + MASS. 


| 

| Please send me literature on KINNEY 
| 0 High Vacuum Pumps 

0 High Vacuum Furnaces 

| 
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Yoder Slitters Supply Varied Strip Widths 
for Tinnerman Speed Nuc’ 


Tinnerman Products, Inc., Cleveland, Ohio, pro- 
duces more than 10,000 different shapes and sizes of 
“SPEED Nut” brand fasteners for industry... many 
of them to special specifications, 


To do this, Tinnerman uses slit steel strands ranging 
in width from ¥%” to 7/2”. To carry an inventory of 
the many strip widths required to meet normal and 
unusual demands would be almost impossible. 


Tinnerman overcomes these inventory and supply 
problems by doing their own slitting on two Yoder 
slitters. This enables them to supply the plant with 
any strip size required from a relatively small 
inventory of 6” and 9” width purchased coils. In 
slitting narrow strands, such as these from small 
coils, a Yoder slitter may be profitable on a produc- 
tion as low as 25 tons per month, 


Here is a fine example of how a small investment 
in Yoder slitting equipment greatly simplifies 
and speeds production while effecting important 
operating economies, 

The saving made in time alone, reflects in better 
customer service through faster completion and 
delivery of finished products. 


If your steel strip or sheet slitting requirements are 
as low as 100 tons per month or even less, a medium 
size Yoder slitter can be a very profitable investment 
for you. The Yoder line includes units of every size 
and capacity ... of the most advanced engineering 
design. Send for the Yoder Slitter Book—a compre- 
hensive text on the mechanics and economics of 
slitters and slitting line operation, with time studies, 
cost analyses and other valuable data. Write to: 


THE YODER COMPANY « 5595 Walworth Ave., Cleveland 2, Ohio 


ROTARY SLITTING LINES 


PIPE AND TUBE MILLS (ferrous or non-ferrous) 
COLD ROLL FORMING MACHINES 
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extruders, and users of ovens, 
kilns, and furnaces are buying 


PYROMETRIC 
CONTROLLERS 


e to assure uniform quality 
to reduce production costs 


Model JP PROPORTIONING CONTROLLER 


New Accuracy for Most Uses 


This modestly priced instrument automatically adjusts 

the ratio of power “on” and “off” over a time-cycle 

to maintain desired temperature. After heating to the 
“proportioning band” (1% of scale = it “anticipates” 
temperature change of load, correcting for lag in 

both heating and cooling. 


: 


Model JS STEPLESS CONTROLLER 


Exclusive Design gives closer Control 
than otherwise possible 


This unique instrument employs no relay, ends 
dependence on any form of “on-off”. It modulates 
input through infinite stages according to demand, 
maintaining a desired temperature precisely. It also 
indicates true temperature at all times, offers dual 
pilot-lights and other features. 


RELIABLE - ECONOMICAL > CONVENIENT 
Complete line of pyrometric controlling and 
indicating instruments—including On-Off, High 


Limit, Program, and Multi-Switch Position Indicator 
—plus Thermocouples and Accessories. 


CORPORATION 


Metals Show 
Booth 1060 
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Personals . . . 


Angelo V. Alessandria @, who 
received his master’s degree in met- 
allurgical engineering at the Poly- 
technic Institute of Brooklyn, is now 
affiliated with the Arabian American 
Oil Co. as a corrosion engineer in 
the New York office. Mr. Ales- 
sandria is also secretary of the New 
York Chapter @. 


David Zucker @ has joined the 
Bettis plant of the atomic power 
research laboratory which Westing- 
house Electric Corp. operates in 
Pittsburgh for the U.S. Atomic 
Energy Commission. Mr. Zucker is 
a performing engineer, working with 
the nuclear core section. 


E. R. Johnson, operating vice- 
president of Republic Steel Corp., 
and Dr. Harold K. “York, professor 
at New York University and director 
of the research division of the Uni- 
versity’s college of engineering, are 
directors of the newly organized 
R-N Corp., New York, owned 
equally by the National Lead Co. 
and Republic Steel Corp. The com- 
pany controls a direct reduction 
process which can be licensed by 


other companies. 


H. M. Boyle @ is the new man- 
ager of the claims department of 
Sharon Steel Corp., Sharon, Pa. 
Mr. Boyle, who began his career 
with Sharon in 1940, has served the 
company in various capacities, in- 
cluding that of contact metallurgist 
in customer service. 


Harold W. Miller @, head of the 
engineering department of the Car- 
penter Steel Co., Reading, Pa., has 
been given the further responsibility 
of coordinating all engineering func- 
tions, including electrical and me- 
chanical maintenance, for the com- 
pany. Mr. Miller started his career 
with Carpenter as a chemist 20 years 
ago and rose to chief plant engineer 
in 1954. 


Harold C. Sebring @ has become 
a member of the advanced research 
and development division of the In- 
ternational Business Machines Com- 
puter Laboratories, Oswego, N.Y., 
where he will act as staff engineer. 
Mr. Sebring was formerly stationed 
in Washington, D.C. as a senior 
technical intelligence specialist for 
the U.S. Air Force. 
(Continued on page 171) 
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The Buyers Guide 
For Metals Engineers 


THE INDUCTION MELTING 
FURNACE WITH 
PRECISION CONTROL 


Here is induction metal melting equip- 
ment at its best! 


NEW FURNACE DESIGN . . . Sturdy, 
welded construction eliminates distortion 
and increases lining life. 


NEW COMPACT CONTROL .. . To- 
tally enclosed panels include built-in 
capacitor bank, selector switches and high 
frequency transformer. Compact design for 
efficient operation and shipped completely 
assembled. 


WATER COOLED LEADS .. . Intro- 
duced through trunnion. No furnace pits 
necessary. Shorter leads mean more oper- 
ating efficiency. 


SELECTOR SWITCHES ... Can be 
mounted on lower front of control panel 
for maximum accessibility and minimum 


bus losses. You can change furnaces in a 
few seconds. 


For details, write for our Bulletin 70. 


DU 
CORPORATIO 


LIST NO. 144 ON INFO-COUPON PAGE 170 
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SAVE SPACE WITH A 


SERIES 8055 


COMBINATION MODEL 


Two independent furnaces (hardening ond 
drawing) in the same floor space one requires. 
Complete with independent controls. Horden- 
ing furnace available in both a 2000° and a 
2300° F. range. 

Drawing furnace has a maximum of 800° F.* 
Quench tank included with the exception of 
the largest standard model. 


Chamber Size Prices 
Model W. 2000° F. 2300° F. 
8055 A 6” x 6" x12” $ 865.00 $ 975.00 
8055 B ox 9 x18" 1325.00 1450.00 
8055 C 12" x24" 1850.00 1950.00 
8055 D 18” x 18” x 36” 2750.00 2875.00 


*Aiso available up to 1250° F. 

WRITE FOR FREE LITERATURE, SPECIFICA- 

TIONS and price list of Lucifer Furnaces in 

ing types. 

tion. . wire or phone todoy. 


LUCIFER 


FURNACES, INC. 


NESHAMINY 7, PA. 
Phene: Diamond 3-041! 
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LOAD 
HEAT TREAT 
FURNACES 


tomatically 
\ 


Meters... Conveys... 
Elevates up to 5,000 Ibs. per hour 


Some of the largest metal work- 
ing plants in America have prov- 
en that Man-O-Steel Furnace 
Loaders give fewer rejects, low- 
er labor costs and increased pro- 


duction. Write today for bulletin. 
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Vetal Progress 
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Melt and hold in one compact unit 

Minimize metal loss 

Eliminate flame impingement and 
Jocalized over-heating 

Melt faster, save fuel 

Offer increased ease of operation 

Require less floor space 

RADIANT ALUMINUM DIE CASTING FURNACES 

ere available with either side or end dipout 

arrangements in 300 to 2,000 Ib. melting 

capacities. 


1 For complete information, write: 


J. A. KOZMA COMPANY 


2471 Wyoming Dearborn, Michigan 


Firing Rate: 50,000 B.T.U. Per Sq.Ft. 
Blower Air — 117 C.E.M. 


Industrial Processing Furnaces Since 1928 
Electrosalt Furnaces . . . Radiant Forging Furnaces . . . Eventemp 
Pit and Box Furnaces . . . Gas or Oil Salt Bath Furnaces 8 
Melting ond Smelting Furnaces . . . Gas or Oil Roller Hearth, 
Chain, Pusher and Rotary Hearth Furnaces. 
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ELECTRIC FURNACES 


custom designed or standard models 
at practical prices 


8 


1200 


9 
u 
Q 
z 
a 
w 


3 


20 Ga. C.-A. Thermocoupie 
to Potentiometer 


20 Ga. C.-A. Control Ther- 

le to Brown Elec- 
es “Strip Chart Instr. to 
M- -4 0 


Speed 10 


CORE----- SKIN 


THE A. F. HOLDEN COMPANY 
14341 Schaefer Highway 


DETROIT MICHIGAN 
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Dyna-Bar High 
Temperature Furnace 


@ Temperature Range— 
Dynatrol to 2300° F. Dyna- 
bar to 2850° F 
Dynatro! models—from 
$90 


Zone temperature control 
Pyrometer selector switch 
for zone temperature indi- 
cation 
Patented Element Holders 
P for quick element changing, 
low heat input requirements 
and fast recovery time 
Automatic hold and cutoff 
instruments at modest ad- 
al cost 
Infinite variety of time- 
rature curves 


@ Doors—hinged or vertical 
sliding 
e Circulating fans available 
in Dynatrols—models to 
1850° F 
@ Rugged Construction 
e@ 83 standard models 
. Firing chamber sizes up to 
40" x 36" x 72 
Need a special furnace or oven 
for glass or metal annealing, 
atmosphere work, extra high 
temperatures (to 3200°)? 
Tube or drawing furnaces, 
Moly-wound furnaces? We'll 
quote you promptly 
Write for Literature 


Dyna-Trol Furnace Industrial Sivieien 
= _ Manufacturing Company 
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CHESTER 17, PENNSYLVANIA 


there’s a 


/¢-QUARTZ 


IMMERSION 
HEATER 
gor 
Your Every 
Heating Requirement 
@ INSTANT HEATING 
SHOCK-PROOF 


® AVAILABLE IN ALL VOLTAGES 
—WATTAGES, 
ONE AND THREE PHASE 


Available from your 
Electroplating Distributor 


WRITE FOR BULLETIN > 


Ule-QUARTZ 


ELECTRIC HEATER CO., INC., Willoughby, Ohio 
*Reg. U.S. Pat. Off Phone: Willoughby 2-5521 
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Metal Progress is now 
in its fifth year as 
one of our clients 


Cle, 


The Eastman Editorial Research Service is a 
critical and advisory service to publishers 
for the sole purpose of developing and main- 
taining better readership. 


Exclusive to one publication in a field. 


Use of the Eastman service by Metal Progress 
is an implied guarantee to its readers of 
continuing editorial progress. 


The Eastman Research Organization 
500 Sth Avenue York 36, N. Y. 
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ae S 
| 
2000 PAH ; 
4 CYCLES ic i | 
t A- 
Solenoid Valve Chart 3332 
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NEW! 
yours for the asking 


Scores of examples of Wiretex engi- 
neering and ingenuity are illustrated. 


HEAT TREATING 
Fixtures Baskets Trays 
© Retorts Muffles Boxes, efc. 


PLA * Tanks, ete. 


Wiretex products are custom-made to resist 
acid, heat, abrasion or exposure... engi- 
neered in styles, alloys, weaves, sizes and 
quantities to meet your demands for lower rt 

operating costs, longer life and better per- . 

formance. Call Wiretex! CATALOG M-7 


For copy WIRETEX mfg. co. 


5 Mason St., Bridgeport 5, Conn. 


Specialists in Processing Carriers Since 1932. 
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FREE 


the QUENZINE STORY 


Low priced, more readily available carbon 
steels can often replace alloy steels when 
quenched in Beacon 
Quenching Oils with 
QUENZINE added. 
For information on 
this new additive and 
other Beacon Brand 
Heat Treating Com- 
pounds write to... 


RECIRCULATING 
FURNACES 


SFE 


GOOD USED EQUIPMENT AT 
REAL SAVINGS TO YOU! 


In our large, rapidly turning-over stock, we 
often acquire brand-new items, still in their 
original crates. We offer these ot a fraction 
of their replacement cost, and with the some 
gvorontee that the original manufacturer 
gives. Several of our new furnaces ore 
pictured below. 


Upton Salt Bath 
Hi and Low Heat 
Price $1975 Each 


Our stock is constantly changing! Before you 
buy any furnace or accessory, call us collect 
end let us show you how to save money! 
(Money-Back Guarantee). We pledge that 


ony unit we advertise is in stock at one of our 
warehouses at the original time of publica- 
tion. However, they are subject to prior sale, 
so act now! 


1000 Ib. per hr. S.F.E. recirculating 
draw furnace, complete with cool 
down. For temperotures from 250 
to 1250° F. 


ALDRIDGE 
INDUSTRIAL OILS, Inc. 


Write for complete information. 


STANDARD FUEL ENGINEERING CO. 


W. 140th St., Cleveland 11, Ohie 667 S. Post 7 Detroit 17, Mich. 
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SURPLUS FURNACES FOR SALE 


A D BOX TYPE BOX TYPE RECIRCULATING 
27x54x20 G.E SOKW 2000°F 36x36x36 Despatch Gas 1250°F 

36x72x23 G.E. 72KW 2000°F 72x12'x42 Lindberg Ges 1250°F 

48x84x24 American 1OOKW 1850°F 24x36x18 Lindberg 35KW 1250°F 
30x36x!8 Surface Gas 1850°F  36x48x24 Lindberg 45KW 1250°F 

54x96x24 Surface Gas 1850°F  66x16'x76 Lindberg 18OKW 1250°F 

PIT TYPE PIT TYPE CARBURIZERS 

25x36 Lindberg 66KW 1250°F 15xI8 L&N Homo 30KW 1800°F 
22x26 Lindberg Gas 1250°F 20x36 L&N Homo 72KW 1800°F 

; 48x72 Lindberg Gas 1250°F 25x36 L&N Homo 85KW 1800°F 
48x96 Surface Gas 1250°F 20x48 L&N Homo 85KW 1800°F 
48x96 Lee Wilson Rad. Tube 24x48 Hevi Duty 100KW 1800°F 


CONVEYOR TYPE RECIRCULATING ROLLER HEARTH 
36x33’x12 Despatch MshBit Gas 875°F 28” G.E. I7’htg. 70°C. 320KW 2050°F 


SIR PLUS FURNACES 


27xi5‘'xi2 R&S MshBlt Gas 1250°F 28” G.E. 28’htg. 90'C. 497KW 2050°F 
48x20'x12 Surface PHBIt Gas 1000°F 62” G.E. I8’htg. 45°C. 655KW 1650°F 
' REWARD SEND FOR COMPLETE LIST 
WE PAY CASH FOR SURPLUS INDUSTRIAL FURNACES THE JOE MARTIN Co., INC. 
AND RELATED APPARATUS 19256 John R. St. TWinbrook 2-5500 Detroit 3, Mich. 
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= Specialists in All Phases of 
METAL CLEANING EQUIPMENT 


DEGREASERS AGITATING WASHERS PICKLERS 
PHOSPHATIZING WASHERS ALKALINE WASHERS 
FLOW COATING SYSTEMS °¢ "SPOTLESS" DRYERS 
OVENS ° ULTRASONIC CLEANING EQUIPMENT 


A New Book 
FATIGUE DURABILITY 
OF CARBURIZED STEEL 


Since 1923 


We will be happy to send a sales engineer to help you with any metal By 
cleaning equipment problem. Complete information on request. 


@ CIRCO-SOLY (Trichlorethylene) 
@ PER-SOLV (Perchlorethylene) 


DUIPMENT COMPAN 


7 members of the 
General Motors Corp. 
Research Staff 


It Discusses 


LIST NO, 10 ON INFO-COUPON PAGE 1!70 


Effect of Surface Condition on the 
Fatigue Resistance of Hardened 


METAL PARTS REFRACTORY 


CLEANING“ LER | | stresses in Corburied 
PROBLEMS Stel 


Get the answers RIGHT | Castables Fatigue Durability of Carburized 


from RAMCO’S | and Cements Steels 
new BULLETIN! 


Send for your copy of | 
the Ramco Bulletin. 
See how Ramco 2- and 
3-dip degreasers can 
your motel Immediate Delivery 
parts cleaning prob- 
lems safely, effici- Send for 
ently, economical- | Catalogue 102 
ly! Send today! | 


FOR AIL 
TEMPERATURE 
AND STRENGTH 
REQUIREMENTS 


123 pages.........$4.00 


American Society for Metals 
7301 Euclid Ave. 


DIV. OF RANDALL MFG. CO., INC. 
| 809 Edgewater Rd., New York 39, N.Y. 


~ LIST NO. 128 ON INFO-COUPON PAGE 170 | 


AMCO EQUIPMENT CORP. 


STANDARD FUEL 
ENGINEERING CO. 


667 S. POST bd DETROIT 17, MICH. 
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Cleveland 3, Ohio 


Bohan, 1680 N. Vine St 
Hollywood 7- 
COLO., Denver 16—Fred E. Biair, 
Blair Engineering Co., 4100 Grape 
St., Phone Florida 5-7142. 
CONN., Wethersfield—Richard D. 
Lindner, Metailurgical Products 
Co., 583 A Hill Rd., Phone 
Jackson 


Indianapolis 1 — William 
McAtee, 626 NW. DeQuincy St. 

Phone Fleetwood 7-1483. 

MASS., Brookline 46—Harry |. 

Dixon, Metallurgical 

199 Beacon Phone 

wood 6-8093. 

MICH., Detroit 35—Cari H. 

W. Eight Mile Rd., Phone Broadwa 

MINN., St. Paul 4—A. A. Griggs- 
Midway Bidg., Fairview at University, Phone Mid- 

way 4-7630. 


W. Y. City 1—R. Breck Steele, 254 W. 3st St., 
Phone Longacre 5-5296. 


N. Y., Syracuse R. Co., 532 Uni- 
versity Bidg., Phone Harrison 2-9686. 


STANWOOD 


4817 W. CORTLAND STREET 
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These qualified representatives plus 
Stanwood's broad experience, en- 
gineering and modern facilities can 
solve your problems. 


Cleveland L. Plant, Jr. & War- 
B. Lum, Alloy Sales & Service, 8905 Lake 
ye Room 303, Phone Melrose 1-1018. 
PA., Pittsburgh 24—Jos. B. Abel, 5213 Celia Pi., 
Phone Museum 2-1817. 
PA.. Upper Darby (Phila)—W. A. 
McMichaels Co., 7046 Garrett Rd. 
Flanders 2-4722. 
TENN., Memphis Am Craig. Craig 
dustrial Equip. Co., 1101 Poplar Ave 
Memphis 2-5777. 
TEX., Dalias—Jim Lyman, M. K, 
Griggs Co., Inc., 322 W. Jeffer- 
303, Phone Wh. 


TEX., Houston w. 
Wallin, M. K. 2801 
San Jacinto, Phone Atwood 2261. 
WISC., Wauwatosa 10 — Robert 
M. Onan, 7256 W. Center St., 
Phone Greenfield 6-0382. 


CHICAGO 39, ILLINOIS 
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at Treating Equipm: 
ae Sales Engine: 
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JELLIFF 


for ALL Industrial Uses 
@ Degreasing Anodizing 
@ Pickling @ Plating 
®@ Heat Treating 
®@ Heavy Industrial Types 


ANY SIZE AND SHAPE « ANY DUCTILE METAL 
Ask for Bulletin 28 


CORP. 
SOUTHPORT * CONNECTICUT 
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FABRICATED MONEL 
EQUIPMENT 
¢ Hairpin Hooks * Sheet Crates 
Steam Jets * Chain 
¢ Mechanical Bar, Tube and Coil Picklers 


THE YOUNGSTOWN WELDING & ENGINEERING CO. 


3721 OAKWOOD AVE... YOUNGSTOWN, OHI 
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SWIFT-KOTE 


RUST RUSTLICK 


PREVENTATIVES QUEOUS SYSTEM 


OIL-KOTE —solvent type Grade “C.W-25" 


SOL-U-KOTE 
—water emulsified types Non- flammable 
Non-toxic 


SEND FOR Data Sheets 
Aqueous Oily Film 
for Long Periods 
Indoor Storage 


J N wif? Write for free sample and brochure 


Specify Grade *'C-W-25"" 

— RODUCTION SPECIALTIES, INC. 

CHEMICAL COMPANY, INC. 
Canton, Connecticut 


_ 755 BOYLSTON STREET 
BOSTON 16, /AASS 
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Technic HG Gold provides all the 
attributes you have needed in hard 
bright gold. In particular, cyanide is 
less than 1/10 oz. per gallon . . . cost 
is less than 10¢ per troy oz. over reg- 
ular 24 kt. gold. In addition — 


TECHNIC HG GOLD QUALITIES: 
Bright smooth-grained deposits; super 
hardness (130-150 DPH); low stress, 
less porosity than usual bright gold; 
high karat (23+). 


TECHNIC HG GOLD ADVANTAGES: 
Wide operating range (60° to 95°F), 
no cooling or heating required; no 
organic brighteners; high efficiency 
(requires less gold to meet most 
specifications ). 


Only Technic HG Gold fills all your 
requirements. We invite you to apply 
any practical performance tests — 
prove to yourself that it meets every 
standard of what hard bright gold 
should be. 


Send for Brochure: TECHNIC HG GOLD 
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| tow cost 
HARD 

no free cyanide 


ELECTROMARK | | | DUCTILE CHROMIUM 


Electrochemical etcher for faster, 


NEW pocket size 


better, lower This new ASM book contains a 
thickness gauge general review, a section on the 


markings! production of chromium metal, dis- 


cussion of ductile chromium metal, 
data on effect of gas on chromium 
metal, and a conclusion on high- 
chromium alloys. 


ELCOMETER 


From papers presented at the 1955 
Metal Congress by 45 investigotors. 


375 pages Price $7.50 


American Society for Metals 


7301 Euclid Ave. 
THE ELECTROMARK CORP. Cleveland 2, Ohio 


IN 
QUEOUS SYSTEM 


Grade "B" 
FERROUS 
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Measures Non-Magnetic Coatings 
with + 5% = .0001” Accuracy 


STEEL FABRICATED 
and RUBBER-LINED 
TANKS 
for 


the Plating Industry 


ELCOMETER measures thickness of porcelain 
enamel, paints, platings, foils, glass, paper, 


plastics, and other non-magnetic coatings 
quickly and accurately. Gauges flat or curved 


Specify Grade 
4150 East 56th Street Subsid. of Automotive Rubber Co. Inc PRODUCTION SPECIALTIES INC. 
Cleveland 5, Ohio ARco STEEL. FABRICATORS * INC. 755 BOYLSTON STREET = 


-_ — 12542 BEECH ROAD * DETROIT 39, MICH BOSTON 16. MASS 


» surfaces and hard-to-get-at spots easily. METAL PROCESSING 
Needle locking device assures correct read- Eliminates . . . 
ing every time. Complete with tough leather Ru st 
case containing inner pocket for test strips. Fire H. azards 
ae Weighs only 6 oz. Completely self-contained. ©@ Plating tanks any size or shape fabricated Sap d. 
d and rubber-lined to your specifications. A Toxicity 
Retail price: $68.00 F. O. B, Cleveland. complete service from basic 
ee design to installation, also fabri- Dermatitis 
% WRITE FOR ILLUSTRATED FOLDER ys. cated and rubber-lined pipe : 
and fittings. Write Dept. “MP” 
ils. for free sample 
FERRO CORPORATION | = for compte deta 
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Meet the 
Sel-Rex 
of 
Industrial 
Brecious 
Metals.... 


BRIGHT GOLD 


Mirror-bright finish in 

any thickness direct- 

ly from the bath. 
Patented 


SILVREX BRIGHT SILVER 


Crystal-clear solution that 
produces mirror-bright 
deposits. 


BRIGHT RHODIUM 


Brilliant, fine- 
grained, non-tarnish- 
ing deposits. 


Patented 


RHODEX 


Only rhodium 
electroplating 
process that 
yields extra 
heavy com- 
pressively 
stressed depos- 
its. 

Patent Pending 


PUR-A-SALTS 


Restores contami- 
nated cyanide plat- 
ing baths to full, 
trouble-free opera- 


tion. 
Patented 


Non-dusting — safest 
and easiest to use. 


>» REX CORPORATION 


Nutiey 10, New Jersey 


Complew installan on cod servleing 
on aff precious metals orecesses. 
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2093 E. 19th St. Cleveland 3, Ohio 
i 
ia 
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MULTI MOTION DIES*.... 
FOR TEST SPECIMENS ... 


Tensile Bars 
Transverse Bars 
Green Strength 
Bushings 

Slugs 

Stepped Parts 


Complete design 
facilities for dies 
or subpress units 
to press unusual 
shapes in lab 
DL- 
TENSILE TEST BAR Presses. 
MPA STANDARD 
10-51 "PATENTS PENDING 


HALLER, INCORPORATED 


684 W. Ann Arbor Rd., Plymouth, Mich. 
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METRIC TO TOOLS. INC 


137 mr VARICK STREET, NEW YORK 13, 
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SOLVED with 


MAGNETIC ANALYSIS 
MULTI-METHOD EQUIPMENT 

Electronic Equipment for non-destruc- 
tive producti ction of steel bars, 
wire rod, and tubing for mechanical 
faults, variati in position and 
physical properties. Average inspection 
speed 120 ft. per minute. 

Over 80 installations in steel mills 
and fabricating plonts. 


Rapid, Accurate, 


VIDIGAGE” 


Non-Destructive 


AUDIGAGE'’ 


MAGNETIC ANALYSIS 
SPECIAL EQUIPPAENT 


Electronic Equipment for non-destruc- 
tive producti ction of both non- 
magnetic stainless ond high temperature 
steel bers and tubing—seamless or 
welded—as well as non-ferrous bars and 
tubing. Mechanical faults, variations in 
composition and physical properties are 
detected simultaneously. Average 
inspection speed 200 ft. per minute. 


Over 30 installations in mills ond 


14” or 21” Cathode-Ray Screen with 


direct-reading scales between 0.005” 
and 2.5”; accuracy 0.1% to 1.0%. 


Portable Thickness Testers for ranges 
from 0.020” to 4” or 0.060” to 12” 
of steel; accuracy up to 1.0%. 


Detect Laminar Flaws and Lack of Bond 


BRANSON 


INSTRUMENTS, 


6 Brown House Rd., Stamford, Connecticut 
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MAGNETIC ANALYSIS 
COMPARATORS AND METAL TESTERS 


Electronic Instruments for production 
sorting both ferrous and non-ferrous 
materials and parts for variation in 
composition, structure and thickness of 
sheet and plating. 


HARDNESS TESTING 
SHORE SCLEROSCOPE 


Pioneer American 
Standard Since 
1907 


Available in Model C-2 
(illustrated), or Model 
D dial indicating with 
equivalent Brinell & 
Rockwell C Hardness 
Numbers. May be used 
freehand or mounted on 


bench clamp. 


OVER 40,000 
IN USE 


SHORE INSTRUMENT & MFG. CO., INC. 
90-35M Van Wyck Exp., Jamaica 35, N.Y. 
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Elevated Temperature 
Commercial Testing 
Laboratory for... 


TENSILE 
CREEP 


STRESS 
RUPTURE 


Joliet Metallurgical Laboratory, Inc. 
3) N. BLUFF ST JOLIET, ILL. 
PHONE JOLIET 2-2328 
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MAGNETIC ANALYSIS 
DEMAGNETIZERS 

Electrical Equipment for rapid and 
efficient demagnetizing of steel bars 
and tubing. When used with Magnetic 
Analysis Multi-Method Equipment, in- 
spection and demagnetizing can be 
done in a single operation. 


MAGNETIC ANALYSIS 
MAGNETISM DETECTORS 


Inexpensive pocket meters for indi- 
cating residual magnetism in ferrous 
materials ond parts. 


For Details Write: 


MAGNETIC ANALYSIS CORP. 


42-44 Twelfth St., Long Island City 1, N. Y. 
“THE TEST TELLS” 
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FOR VICKERS 
AND KNOOP Dem fizing | 
HARDNESS TESTERS PROBLEMS’ 
also avaiable. 
2 
Thickness Testing fron 1 One Side 3 
inUltrasonics 
4 
| 
| 


the GENUINE 


BRINELL 


HARDNESS TESTING MACHINES 
made by the Alpha Co. of 
Sweden and available from 
our stock at New Rochelle 


Never approached in FE 
ACCURACY AND 
CONSTANCY of cali- 
bration . . . at 
standard 3000k 
load: max 
error plus or minus 
kg 


Write tor Bulletin 
No. A-18 


GRIES INDUSTRIES. 1 INC. 
Testing Division 
)CHELLE 
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the TRUE TEST is 


TESTER 


Tests wear resistance of metal, plas- 
tic, point, rubber, leather, paper, 
foil, etc. With average technical 
experience, anyone con moke a 
scientific, comparative abrasion re- 
sistance test with this instrument. 


TABER 


Stiff pods 


Determines the 

initial, basic stiff- 

ness or resilience 

of sheet and wire 

specimens. Eight 

fest ranges pro- 

vide wide application. Test length, 
angle of deflection, rate of loading 
all standardized for accurate re- 
sults between laboratories. Scale 
calibrated in gram centimeters. 


Write for lilustrated Literature. 
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A PROVEN 
DEPENDABLE SOURCE 


FOR BETTER GRADE INVESTMENT 
CASTINGS IN FERROUS AND 
NON-FERROUS METALS 


Special Feature 

— Nickel content 

held to 35% min- 
imum — 36% 


maximum 
STAINLESS STEEL PART for milk 
bottling unit formerly machined 
from solid stock. 

Only finish oper- 

ations required 

are reaming small 

dia. of counter- 

bored hole and 

drilling and tap- 

ping for set screw. 


LIST NO. 4 ON INFO-COUPON PAGE 170 


} ogee your assembly problems and costs. 

continuously formed, with 
rrous or 

= metals. Write for Catalog No. 1083. 


PLANT 
3761 OAKWOOD AVE. * YOUNGSTOWN, 
LIST NO. 10! ON INFO-COUPON PAGE 170 


The NEW 


Fastest Cutting 
Lowest Priced 


(BROKEN TAP) 
DISINTEGRATING 
MACHINE 
available anywhere 
One of many models. 
Write for complete 

information 


See at Booth No. 1575 National Metal 


JIFFY Disintegrators, Inc. 
1503 E 11 Mile Road, Royal Oak, Michigan 


LIST NO. 161 ON INFO-COUPON PAGE 170 


DERMITRON 


NON-DESTRUCTIVE 
COATING THICKNESS TESTER 


FAST—ACCURATE 
COMPACT-— PORTABLE 
DIRECT-READING 


Sorts Metals and Alloys 
For Metals on Metals 
Non-Conductors on Metals 
Metals on Non-Conductors 


You can now have 100% inspection of 
production of nearly any possible coating 
on almost any base—including the first and 
only accurate, direct readings of such com- 
binations as zinc, cadmium, copper on 
steel; silver on brass; copper on zinc; ano- 
dizing on aluminum; organic coatings on 
non-ferrous metals — without the use of 
chemicals. 


WRITE FOR FULL INFORMATION 


UNIT PROCESS 
ASSEMBLIES, INC. 
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i 3 . 
ROLL FORMED PRODUCTS CO. 
INVAR 
i, 
TABER MORGA VILLE, N.. 
ae 
TESTER 
“Wr 4 
Show 
INSTRUMENT 
4 St., N. Tonawanda, N. Y. 
i 


Engineering Data onMOLYKOTE lubricants 
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CORPORATION 
Main Factories 
65 HMerverd 


Averive, Storniord, Cant 


ROUND, SQUARE, FLAT AND 
HALF-ROUND WIRE FOR MASS 
PRODUCTION OF SMALL PARTS 

Beryllium Copper © Bronzes 

Other Non-ferrous Alloys 
Rounded or square edges. 
Available with hot-tinned 

finish for solderability. 
Write for descriptive folder. 


LITTLE FALLS, aLLovs 


193 Caldwell Ave., Paterson 1, N. J 


Applies 1 to 10,000 gram loads 
Write for Bulletin 


Kent Cliff Laboratories Div. 
The Torsion Balance Company 
CLIFTON NEW JERSEY 


“AIR WASH 
ARCO systems 


PLATING © PICKLING METAL 
creanine FUME SCRUBBING 


Reasonable 


| no moving parts 
. efficient in 
performance .. 
compact —re- 
quires little 


space... stand - 
ard units—7200 to 57600 


s C.F.M. Write Dept. “MP” for 
complete information. 


AUTOMOTIVE 
RUBBER CO. + INC. 
12550 BEECH ROAD * DETROIT 39. MICH 
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Accurate test specimens machined from sheet and piate 


materiais .0005 te .500 in., in less than 3 min. 


SIEBURG INDUSTRIES, INC. 
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Horse Plain Rd. . New Britain, Conn. 


NEWAGE. 
TESTER 


© CLAMPS, JAWS & BASE PLATE ARE ELIMINATED 
@ NO CONVERSIONS OR CALCULATIONS 

© TEST ANY SIZE, SHAPE OR TYPE METAL 

@ NO SKILL REQUIRED 

@ SCALE READINGS IN ROCKWELL & BRINELL 

© ACCURACY GUARANTEED 

Many thousands used by industry and government. 
Write, wire or call jor additional details and prices. 

NEWAGE INDUSTRIES, INC. INC. 

222 York Read 

TUrner 48494 


MP MP 
LIST NO. 163 ON INFO-COUPON PAGE 170 


Makes all 
Products BETTER 


RIGID-tex Metal can 
make your product better 
too! This new catalog tells 
how. Copy mailed free. 


See Sweet's Design File 1a/Ri 


or write for information 


LIST NO. 131 ON INFO-COUPON PAGE 170 


LIST NO. 64 ON INFO-COUPON PAGE 170 
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SPECIAL SERVICE ON HIGH SPEED STEEL FORGINGS orT A wo FaoM 


FAST NATION-WIDE SERVICE (ae HOOVER 


-»- YOUR STEEL OR OURS SPECIALISTS IN THE FIELD OF 


Complete Source For Forged Products Up To 4000+ ' 
discs, spindles, bars or special shapes D ie Cc | sti n g s 
specifications. 
28 Years Of Specialized Experience ; since 1922 


In production of high speed tool and alloy steel f3 FSO ee ; Aluminum and Zinc 
flot die forgings. 


Ample Stocks Of Steel Always On Hand 

Expert High Speed Steel Blacksmiths 

Call or write for free cost quotation on your 
" forging requirements 


Mimstiong FORGE,INC. THE HOOVER COMPANY 
«1209 MARQUETTE ROAD HENDERSON 1-0320. CLEVELAND, OHIO North Canton, Ohio 


in Canada — Hamilton, Ontario 
LIST NO. 159 ON INFO-COUPON BELOW LIST NO. 74 ON INFO-COUPON BELOW 


WRITE, WIRE or PHONE DO YOU HAVE AN IDEA... 
| A CABLE SPLICED 


“Today | s! 


THAT SOME FUNCTIONAL 

METAL PART COULD BE 

MADE BETTER OR CHEAPER 

BY ALUMINUM EXTRUDING? 

Bring your idea to specialists in 

adapting aluminum extrusions 

to new functional parts applica- 
screws have tions. G.E. ade = ? 

ready to consult with you, with- 
f Srar STAINLESS SCREW CO. a dinatind on one part or ERICO PRODUCTS, INC. 


Ter a million. Complete Arc Welding Accessories 
\ 647 Union Bivd., Paterson 2, N. J. 


GENERAL EXTRUSIONS, INC. 2070 E. Gist Place, Cleveland 3, Ohio 
RESISTANT jf Direct N.Y. ‘phone Wisconsin 7-904! 4040 LAKE PARK RD., YOUNGSTOWN, OHIO i Write for Caddy Catalog 


LIST NO. 99 ON INFO-COUPON BELOW LIST NO. 71 ON INFO-COUPON BELOW 


Star Stainiess 


WHITELIGHT 
READERS’ INFO-COUPON SERVICE, METAL PROGRESS 


7301 Euclid Avenue, Cleveland 3, Ohio A G E | 
Please send further information, as checked at the right, on the advertisements in the 


Bulletin Board with numbers | have listed below— your comprehensive independent 


mill source of magnesium alloy 
Tubes © Rods © Shapes © Bars 
Hollow Extrusions ® Plate Sheet 
Send Catalog Neorest © Pipe © Wire © Welded and 
or Source of Riveted structures and assemblies 
ing Data Supply 


(Please check) 


(Bulletin Board Item Number) 


WHITE METAL ROLLING 


& STAMPING CORP. 
82 Moultrie St., Brooklyn 22, N. Y. 


Sales Office 
443 Fourth Avenue, New York 16, N. Y. 


LIST NO. 67 ON INFO-COUPON LEFT 
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Personals . . . 


Willard C. Suttles @ has joined 
the Beardsley and Piper Div. of Pet- 
tibone Mulliken Corp., Chicago, as 
sales representative in parts of Mich- 
igan, Ohio and Kentucky. Until 
taking over his new assignment, Mr. 
Suttles was associated with the Hill 
and Griffith Co., Birmingham, Ala. 


S. A. Duran @ is on a two-year 
leave of absence from his duties as 
associate professor of physical metal- 
lurgy at the State College of Wash- 
ington, Pullman, Wash. He is 
spending his leave at Stanford Uni- 
versity as acting professor of metal- 
lurgy, doing some work on internal 
oxidation and teaching. 


Edgar W. Engle @ has been ap- 
pointed development engineer by 
Kennametal, Inc., Latrobe, Pa., as 
part of the company’s current ex- 
pansion program; he will be con- 
cerned with the development of new 
products. Mr. Engle, who has been 
associated with the hard carbide 
industry for 18 years, was formerly 
technical director for the Vascoloy- 
Ramet Corp., Waukegan, III. 


Charles A. Mueller @ has re- 
turned to the Lindberg Engineering 
o., Chicago, as chief engineer of 
the gas process division, a new 
section which will handle the de- 
velopment of atmosphere gas gen- 
eration processes for heat treating. 
For the past few years, Mr. Mueller 
has been engaged in engineering 
and metallurgical work in Utah and 
California. 


Albert P. Spooner @ has retired 
as chief metallurgical engineer of 
the Bethlehem Steel Co.’s steel divi- 
sion, Bethlehem, Pa. Mr. Spooner, 
a past president of the Lehigh Valley 
Chapter @, began his career with 
Bethlehem Steel in 1915. 


William S. Harms @, general 
manager of the St. Louis Steel Ware- 
house Div. and the Granite City 
Metal Decorating Div. of Caine 
Steel Co., Chicago, has been ap- 
pointed to the board of directors of 
the company. Mr. Harms began his 
career with Caine as a salesman in 
the Milwaukee division in 1948. 


James F. Ingram @ is now serving 
a three-year tour of duty with the 
U.S. Air Force and at present is 
undergoing pilot training. 
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REMOVES EVERY TRACE OF SAND, 
SCALE GRAPHITE! 


Kolene designs and engineers 
to customer requirements for 
automated or batch operations. 


CASTINGS METALLURGICALLY CLEAN AFTER KOLENE TREATMENT 


Intricately cored iron and steel castings of every variety are today 
being entirely cleaned by the most efficient salt bath cleaning known 

. Kolene’s No. 4 electrolytic process. Even the hardest-to-get-at 
interior surfaces are quickly and thoroughly cleaned of sand, scale 
and/or graphite in a single operation. Harmful sand partic es a 
which frequently become tightly embedded in the casting’s surface 

. are removed. Kolening results in a metallurgically clean surface! 
Casting skin removed—machinability improv ed! 


KOLENE provides complete engineer- 


ing — equipment — chemicals and 


Licensees of KOLENE CORPORATION 
in FOREIGN COUNTRIES 


Kolene (Great Britain) Ltd. Heurty Italiana 
Stone Yard Deritend via Leopardi 24 
Birmingham 12, England Milano, Italy 


DEGUSSA 
Heurtey & Cie Dept. Durferrit 


. 9 Weissfrauenstrasse 
Boite Postale 18-16 Frankfurt /Main, Germany 
Paris, France 


Chemical Plant & Engineer- 
ing Co. Pty. Ltd. 
AB Fermeco Ashley Street 
Sturegatan 10 West Footscray 
Stockholm 5, Sweden Victoria, Australia 


CABLE ADDRESS: Koldet 
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| Personals . . . 

oa a been assigned to the minerals and 


give you chemicals engineering group of the 
Metals Research Laboratories, Elec- 
greater tro Metallurgical Co., Niagara Falls, 
production capacity N.Y., a division of Union Carbide 
d d if it Corp. Dr. Abendroth’s technical 
and product uniformity background includes positions at the 


Eberhard Mfg. Co., Sterling Steel 
Belt-to-belt flow of products Casting Co., and the Los Alamos 


through annealing, brazing, sinter- Scientific Laboratory. Another new 
ing, tempering, oiling or quenching member of the Electromet staff is 
operations at a controlled rate of Edward L. Harmon @, who has 
speed increases production and as- been assigned to the metals research 
sures uniform treatment of parts. group. Dr. Harmon was formerly a 
By combining movement with pro- research assistant at Case Institute 
cessing, woven wire conveyor belts of Technology where he received 
cut costs, eliminate batch handling, his undergraduate training and his 
simplify operations. EXAMPLE: doctor's degree. 


Charles R. Johnson @ is now a 
trainee in the metallurgy department 
of the U.S. Steel Corp.’s Ohio works 
in the Youngstown, Ohio, district. 


William G. Pfann @ was awarded 
ALL METAL BELT moves bolts up and the Francis J. Clamer Medal of the 
through heat treating cycle at a steady, Franklin Institute “in recognition of 
even rate of speed to assure uniformity his discovery and application of 


f treatment. Speci i : 
jal alloys withstond zone refining to metals and other 
temperatures from sub-zero up to 


2100° F., woven wire construction gives crystalline substances” at the In- 
longer life because there are no seams, stitute’s annual Medal Day cere- 
lacers or fasteners to break. monies this month. A graduate of 


Coo i hools of Engi- 
OPEN MESH permits free circulation of the Se 7 
atmosphere around all parts of the load amis pro 
to eliminate hot spots and assure uniform sional career has been spent with 
treatment. Open mesh also allows the metallurgical research depart- 
ment of the Bell Telephone Lab- 
oratories, Murray Hill, N.J. 
SPECIAL CROSS FLIGHTS ond raised 
edges hold product on belt during flat or James J. Barrett & has been - 
inclined travel. pointed manager of extrusion sales 
for the Babcock & Wilcox Co.’s 
OPTIONAL CHAIN DRIVE provides tubular products division, Beaver 


positive motion for heavy loads or in- + 
dined. Falls, Pa. Mr. Barrett, who joined 


handles most loads. B&W in 1954, will direct the sales 
of hollow and solid extrusions in this 


Cambridge Woven Wire Conveyor Belts are newly created position. 
made in any size, mesh or weave, from any 

metal or alloy, and can be used under a John L. Cook @, after release 
from active duty with the U.S. 
Engineer to find out how continuous pro- Army ° joined Douglas Aircraft Co., 
cessing on woven wire conveyor belts can Inc., Santa Monica, Calif. as a ma- 
give you greater production capacity and terials and process engineer. 

uniformity. Look for his telephone number 
under “Belting, Mechanical” in the Yellow Robert W. Lindsay @, professor 
Pages. Or, write for FREE 130-PAGE of metallurgy at Pennsylvania State 


REFERENCE MANUAL. University, has been added to the 


staff of the central research labora- 
The Cambridge Wire Cloth Co. ies, tory of Crucible Steel Co. of Amer- 
ica, Pittsburgh. Dr. Lindsay, who 


| WOVEN WIRE WIRE Department B, 
CONVEYOR : inoue Cambridge 10, has been on the faculty of Penn 
BELTS + FABRICATIONS 


Maryland State since 1943, has assumed the 
position of supervisor of construc- 


OFFICES IN PRINCIPAL INDUSTRIAL CITIES tional alloy steels in the laboratory. 
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200 Different Parts 
Heated for 


Better, Faster and at Much Lower Cost 


fe 
bee 


@ When progressive production people at General Better Working Conditions —TOCCO makes the 
Railway Signal Company installed a 200 kw, 3000 forge shop a better place to work by doing away with 
cycle TOCCO machine, they were able to eliminate noise, dust, dirt, smoke and radiant heat and gases 
7 slot-type oil-fired furnaces and produce better forg- produced by old fashioned furnaces. 

ings than ever before—at substantially lower costs. If you're looking for a way to produce similar results 
Cost Dewn—Fuel costs have been reduced from $15.26 im your plant, it will pay you to consult a TOCCO 
to $1.60 per hour with TOCCO.Expensive furnace lining Engineer. 

maintenance has been eliminated, and straightening 
and reheating operations formerly required are no 
longer necessary. 

With oil-fired furnaces all steam hammer operators 
needed helpers. With TOCCC, most of these helper 
operations have been eliminated. 

TOCCO’s fast, automatic operation produces almost 
no scale and achieves uniform temperatures through- 
out the entire cross section—improving the quality of 
the forgings and providing increases of up to 40% in 
the life of the forging dies. 

Overall production costs in the forge shop at G.R.S. 
have been reduced an impressive 35%! 


Flexibility— Production runs at G.R.S. range from a 


The Ohio Crankshaft Co. @ Dept: R-10, Cleveland 5, Ohic 


Please send copy of “Typical Results of TOCCO Induction Heating 
for Forming and Forging”. 


low of 15 pieces to a high of over 50,000. Parts from Position 
Y, pound to over 25 pounds are heated, merely by Company 
changing inductor coils and power control settings. Address 
City Zone State 
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S U TTO NI presents outstanding 


FARMER-NORTON Finishing Machines 


Under license from Sir James Farmer Norton & Co., Ltd. 


CENTERLESS 
BAR TURNING MACHINES 


Now—U.S. plants can have au- 
tomatic straight-line bar turn- 
ing with the finish comparable 
to the finish of centerless grind- 
‘ing! Machines are fitted with a 
wide variation of feeds for either 
rough or precision turning. 
Ovality tolerances of plus or 
minus .00025”" and a diameter 
variation better than plus or 
minus .001” in any 20’length, are 
achieved for precision turned 
bars with these machines. 


Ask for complete data 


SUTTON Company 


FIRST NATIONAL BANK BLDG., PITTSBURGH 22, PA. 
PHONE: GRANT 1-8077 PLANT: BELLEFONTE, PA. 


Manufacturers of Straighteners, Hydraulic Extrusion Presses, Centerless Bar Turners, 
Rotary Swagers, Sheet Levellers and other Finishing Machines for Modern Metals. 


Personals . . . 


Stanley C. Watson @ has retired 
after 20 years as head of the engi- 
neering department of Rayette, Inc., 
St. Paul, Minn. Mr. Watson will 
retain his position on the board of 
directors and will continue to serve 
the company on a consultant basis. 


Francis J. Clauss @ received his 
doctorate in metallurgical engineer- 
ing from the University of Michigan 
at the June commencement. Dr. 
Clauss is now continuing his work 
in the field of high-temperature 
metallurgy as a member of the 
nuclear reactor materials section at 
the Lewis Flight Propulsion Labora- 
tory of the National Advisory Com- 
mittee for Aeronautics, Cleveland. 


John J. Knox @ has been named 
purchasing director of Reading 
Tube Corp., Reading, Pa. Mr. Knox 
will also be responsible for the pur- 
chasing at Reading Tube’s wholly 
owned subsidiaries, Reading Metals 
Refining Corp., Readi-Fin Mfg. Co., 
Inc., and in part for Mackenzie 
Walton Corp., Pawtucket, R.I. His 
previous experience in this field in- 
cludes a position as purchasing di- 
rector for Hubeny Brothers, Inc., 
Rosell, N.J. 


H. D. Beeson @ has been pro- 
moted to manager, forged disc 
wheel sales, for the Aluminum Co. 
of America, Cleveland. Mr. Beeson 
joined the company 15 years ago, 
serving first in the smelting plant 
in Alcoa, Tenn., and later in the 
Kansas City, Mo., sales office. 


Marvin B. Happ @, formerly a 
research assistant in the department 
of metallurgy at Massachusetts In- 
stitute of Technology, is presently 
employed as a development engi- 
neer with the Walworth Co., Boston. 


Robert L. Clark @ has left the 
Oliver Corp., South Bend, Ind., to 
accept the post of chief metallurgist 
at Century Foundry Co., St. Louis, 
Mo. Mr. Clark will have responsi- 
bility for melting, laboratory con- 
trol, and supervision of nodular and 
gray iron castings. 

E. L. AuBuchon @ has left his 
position as foundry metallurgist with 
Austenal, Inc., Chicago, to accept 
a position as works metallurgist, 
Walworth Co., Kewanee, Ill. 
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Bottled gas for this little furnace is dried by the Controlled atmosphere gas fed from a central generator to all parts of 
Lectrodryer mounted above it. this plant is dried to ~40°F. dewpoint by this Type BWC Lectrodryer. 


When the controlled atmosphere must be DRY 
your generator builder will likely recommend a Lectrodryer 


5 pes FURNACE and gas generator manu- 
facturer will advise you on heat treating, 
brazing and sintering methods and equip- 
ment. Where the operation is critical and a 
DRY atmosphere is indicated, he will likely 
include a Lectrodryer. It provides depend- 
able DRYing and needs very little attention 
to keep it working year after year. 
Consult your regular supplier for help 
on such problems. Pittsburgh Lectrodryer 
Division, McGraw-Edison Company, 317 
32nd Street, Pittsburgh 30, Pennsylvania. 


4 Five Lectrodryers DRY the 12,000 cubic feet of inert 
gas that surrounds the 30 tons of tin plate per hour being 
annealed in this tower-type furnace. 


in France: Stein et Roubaix, 24 Rue Erlanger, Paris XVI. 
in Belgium: S.A. Beige Stein et Roubaix, 320 Rue du Moulin, Bressoux-Liege. 


Lectrodryer 


* REGISTERED TRADEMARK U.S. PAT. OFF. 
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NIAGARA SECTIONAL 
Aero HEAT EXCHANGER 
gives close temperature control, 
saves you LABOR, Power, Water 


@ Because the new design improves the heat transfer to the 
out-door air by evaporation. 


@ Because new features keep your equipment working for long 
life with “new plant” efficiency...always full capacity. 


@ Because you save 95% of cooling water cost. 


You get faster, more accurate cooling of industrial fluids to specified 
temperatures. 


You improve your quality of production by removing heat at the rate 
of input. 

You save labor in upkeep. With full access to all interior parts and 
piping you see everything in easy inspections. You head off dirt accumu- 
lation and corrosion. Casing panels are removable without moving the 
coils. The coils can be Guned from both sides. 

First cost is low; freight is low because of the lowest space/weight 
ratio; you save much labor in erection. Capacity range is 7,000,000 to 
18,000,000 Btu/hr. No other heat exchange 
method gives you so much saving in money 
and convenience. 

Write for Niagara Bulletin 132. Ask for the 
full story of how you can save expense in your 
plant and improve your product's quality. 


NIAGARA BLOWER 
COMPANY 


Dept. MP-10, 405 Lexington Avenue 
NEW YORK 17, N.Y. 


District Engineers in Principal Cities 


NI MRA Over 40 Years Service in Industrial Aur Engineering 


Personals . . . 


Oleg D. Sherby @ has become a 
member of the staff of the Office of 
Naval Research, Dept. of the Navy, 
London branch. Dr. Sherby’s new 
title is scientific liaison officer in 
metallurgy. 


Basil T. Lanphier @ has been 
promoted to a managerial position 
with the Carpenter Steel Co., Read- 
ing, Pa. Formerly a metallurgist for 
stainless and high temperature 
alloys, he has been named manager 
of research. In another promotion 
by Carpenter, Howard O. Beaver @ 
has been advanced from plant metal- 
lurgist, melting, to production metal- 
lurgist in charge of melting and hot 
working. He joined Carpenter in 
1948 and had held his position as 
plant metallurgist since 1954. 


John F. Sargent @ retired from 
Wallace Silversmiths, Inc., late last 
summer after over 35 years with the 
company. Mr. Sargent started his 
career with Wallace in 1921, and 
for 20 years was in charge of the 
machine department and tool and 
die heat treating. In 1952 he was 
appointed factory safety director, in 
addition to his responsibility for the 
machine department. A past chair- 
man of the New Haven Chapter @, 
Mr. Sargent is now chapter historian 
and on the advisory cornmittee. 


Charles H. Schwerin @ has been 
named manager of West Coast 
regional sales for the Mackintosh- 
Hemphill and Rolling Mill Divisions 
of the E. W. Bliss Co., with head- 
quarters in San Jose, Calif. Mr. 
Schwerin recently resigned as man- 
ager of the industrial furnace divi- 
sion of the Gas Machinery Co., 
Cleveland. 


Several recent graduate metal- 
lurgists have been appointed to the 
staff of the Oak Ridge National 
Laboratory, Oak Ridge, Tenn., a 
division of the Union Carbide 
Nuclear Co. These include Francis 
W. Cooke @, James R. DiStefano 
@ and William J. Kucera @, all 
formerly at the University of Notre 
Dame, and David T. Bourgette @ 
from Michigan State University. 


William B. Smith @ is now a 
second lieutenant in the U.S. Army, 
serving as motor officer in a chemical 
company in Wiesbaden, Germany. 
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On original equipment . . . or for replacement . . . men 
who know metals specify SPENCER Blowers. 

This Drever heat treating line — largest of its type in 
the world (capacity: 21% tons of plate per hour)—vtilizes 
a total of 26 Spencer Blowers. The hardening furnace 
(charging end shown above) is equipped with 11 Spencer 
Blowers ranging from 200 to 4,100 C.F.M.; the tempering 
furnace has 15 Spencer blowers delivering from 450 to 
1,900 C.F.M. 

Rugged reliability . . . simple construction . . . assured 
uniform pressure at varying volumes . . . mounting that 
requires no special foundation — these are a few of the 
reasons why SPENCER IS PREFERRED. 


Request Bulletin 
126-A containing 
complete information 
and specifications on 


SPENCER Ge iN PANY 


STATIONARY 
VACUUM 
SYSTEMS 
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background is 
anderloy 


@ WRITE FOR 
YOUR COPY 
VANDERLOY 
BROCHURE 


VAN DER HORST CORPORATION OLEAN, N.Y. 


TERRELL, TEXAS OLEAN, NEW YORK 
LOS ANGELES, CALIFORNIA: CHICAGO, ILLINOIS 
HILVERSUM, HOLLAND 


*SparTan Engineering 
West Coast Affiliate 


Personals . . . 


Edward F. Grady @ is now em- 
ployed by C. I. Hayes, Inc., of 
Cranston, R.I., as a sales engineer. 
Before accepting this post, he was a 
metallurgist at the Worcester Pressed 
Steel Co., Worcester, Mass. 


Ernest G. Wolff @ is now serving 
as a private in the U.S. Army. He 
was formerly a research engineer at 
Stora Kopparbergs Bergslags A.B., 


Domnvarult, Sweden. 


Several @ members in the metal- 
lurgy division of the University of 
Denver's Research Institute have 
received promotions as a result of 
the Institute’s rapid expansion in the 
past months. Joseph F. Nachman 
@ was named manager of alloy de- 
velopment and will be responsible 
for the administration and super- 
vision of research in this field. Be- 
fore coming to DRI, Mr. Nachman 
was chief of the metallurgy branch, 
magnetics division, Naval Ordnance 
Laboratory. The new manager for 
physical metallurgy is William M. 
Mueller @. Dr. Mueller formerly 
headed up the metallurgy group at 
Dow Chemical Co.’s Rocky Flats 
plant near Denver and taught in the 
metallurgy department of Colorado 
School of Mines. Named as branch 
chiefs of the DRI metallurgy divi- 
sion were Charles E. Lundin ©, 
alloy systems; Dr. Andrew J. Frank 
@, metal chemistry; Frank C. Perkins 
@. plastic flow and fracture; and 
Robert A. McCune, X-ray analysis. 


H. Philip Leighly @ was ap- 
pointed educational coordinator for 
the graduate program in physical 
metallurgy which began this fall at 
the University of Denver. Dr. 
Leighly was employed by Bendix 
Aviation Corp. as materials con- 
sultant for nuclear reactor design 
before coming to the University’s 
Denver Research Institute; he has 
also taught undergraduate courses 
at the University. 


Peter M. Moanfeldt @ has joined 
the staff of the Metals Research 
Laboratories of the Electro Metal- 
lurgical Co., Niagara Falls, N.Y., a 
division of Union Carbide Corp. A 
recent recipient of a bachelor’s de- 
gree in metallurgical engineering 
from Lehigh University, Mr. Moan- 
feldt is assigned to the metals re- 
search group as technical assistant. 
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Teas for new or better products are easy and economical to 
carry out when they call for aluminum extrusions. You can rely 
on shapes supplied by Revere because all of our experience and 
skill are devoted solely to the service of our metal customers. 
It will pay you to tie the growth of your business to the most 
dependable sources of supply. Revere Copper and Brass In- 
corporated. Founded by Paul Revere in 1801. Executive Offices: 
230 Park Avenue, New York 17, N. Y. 

Revere Aluminum Mill Products include coiled and fiat sheet, both plain 
ond embossed, circles, blonks, Tube-in-Strip, extruded products, seamless 


drawn tube, welded tube, rolled shapes, electrico!l conductors, forgings, 
foil, and frozen food containers. 


Ready, Set, GROW... 
Set, 
| 
| 
REVERE 


_2600°F. 


MARSHALL 
FURNACES 


Write today 
for complete literature 


Marshall's tubular, shunt-type laboratory furnaces are 
compactly designed to apply electrical heat up to 
2600°F. under exact control. They are widely used 
as components of machines for tensile, stress-rupture 
and fatigue testing of metals, ceramics and cermets; 
also for creep testing metallic alloys. 


temperature 
distribution 


Marshall’s control panel regulates the t of heat 
developed in the whole unit. Accurately spaced, prop- 
erly anchored furnace coils maintain uniform tempera- 
ture distribution. Test duration may range from 
moments to 10,000 or more hours. 


rigid © 
zone control 
to + 3° F. 


Rigid control to + 3°F. at any point inside the furnace 
is easily achieved. Many experienced operators of 
Marshall furnaces report temperature can be held to 
+ 1°F. Shunted resistances, co-ordinated with the con- 
trol panel, provide the extremely accurate zone- 
by-zone temperature control. Standard models are 
available with inside diameters from 1” to 6” or 
more, and from 12%2” to several feet long. Custom 
models are developed to meet special needs. 


270 W. LANE AVENUE 


COLUMBUS 2, OHIO 


Kenneth E. Caine, Jr., @ has been 
appointed technological assistant in 
the bar, plate and forged products 
division of U.S. Steel Corp. Applied 
Research Laboratory, Monroeville, 
Pa. Mr. Caine, a June graduate 
of Case Institute of Technology, 
worked at the research center for 
two summers as a college trainee in 
U.S. Steel’s summer employment 
program for undergraduates. 


Graham E. Wagner © has been 
inducted into the U.S. Army and is 
currently taking basic training at 
Fort Carson, Colo. 


Byron B. Clow @ has been ap- 
pointed assistant product manager, 
forgings, for Kaiser Aluminum & 
Chemical Sales, Inc., Chicago. 
Joining Kaiser in 1948 as a sales 
trainee, Mr. Clow last held the posi- 
tion of manager of sales planning 
in the business analysis and market 
planning department. 


S. Irving Clock @, formerly a 
metallurgist for Precision Metal- 
smiths, Inc., Cleveland, has accepted 
a job as chief metallurgist for Intri- 
cast, Inc., Loudonville, Ohio. 


Lyle L. Clark @ has accepted a 
position as manager of Muskogee 
operations with the Fansteel Metal- 
lurgical Corp., North Chicago, II1.; 
he will be responsible for the man- 
agement of the company’s new 
tantalum-columbium plant now un- 
der construction near Muskogee, 
Okla. Mr. Clark’s technical experi- 
ence includes 18 years with the 
Buick Div. of General Motors Corp., 
Flint, Mich., as assistant superin- 
tendent of melting and metallurgy, 
and more recently, several years as 
supervisor of foundry research at the 
Armour Research Foundation of Illi- 
nois Institute of Technology. 


Joseph K. Strickland @ has been 
appointed district customer engineer 
for the Tatnall Measuring Systems 
Co., Philadelphia, a subsidiary of 
the Budd Co. Mr. Strickland will 
cover the New York, New England 
and northern New Jersey area with 
headquarters in Fairfield, Conn. 


Floyd W. Bennett @ is now as- 
sistant superintendent of the jet di- 
vision of Ryan Aeronautical Co., 
San Diego, Calif. 
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TEST PROVES QUENCHOLS 
HIGHER COOLING POWER! 


10-MINUTE DEMONSTRATION 


Compare any oil you now use with Sinclair 
QUENCHOL 521 in just 10 minutes! Right 
in your office or plant, Sinclair’s new 
Quenchol Demonstrator will give you an 
accurate comparison of relative cooling 
power .. . show you how QUENCHOL can 
save money in your quenching operations! 


A TYPICAL TEST SHOWS THESE RESULTS: 


OILS COMPARED COOLING POWER’ 


ROCKWELL C HARDNESS 
(SAE 1045 STEEL) 


Competitive Oil A 576 23.5 
Competitive Oil B 729 39.0 
Competitive Oil C 1024 41.0 


QUENCHOL 521 1369 54.5 


*Based on a recognized formula for determining relative cooling power 
value. Measured as the square of the current (l2max.) as recorded by 
Quenchol Demonstrator. 


J 


ACTUAL PRODUCTION TOO...PROVES QUENCHOL SUPERIORITY ! 


In numerous production tests, QUENCHOL 521 has demonstrated its far superior 
quenching ability. All users report better results in the degree, depth, and uniformity 
of hardnesses obtained. Steels have included SAE 1035, 1040, 4140, etc. In many 
cases the superior results have been obtained while increasing working loads! More- 
over, QUENCHOL’s high sludge resistance, low acid formation characteristics and high 
quenching reserve keep it from deteriorating . . .extend QUENCHOL’S amazing cooling 
power with longer service life! 


For your own demonstration of QUENCHOL efficiency, and for more technical infor- 
mation on its properties, call your local Sinclair Representative . . . or write to 
Sinclair Refining Company, Technical Service Division, 600 Fifth Avenue, New 
York 20, N. Y. There's no obligation. 
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furnaces have 
the forward look ——> 
at Chrysler Corporation 


When equipping Chrysler Corporation’s new TorqueFlite auto- 
matic transmission plant at Kokomo, Indiana, Chrysler engineers 
demanded equipment capable of top performance. WALTZ Furnaces 
were selected for the automotive tool room. 

In addition to delivering the performance required, Waltz 
Furnaces also are attractive, smooth, easy-to-clean. Outer shells reach 
all the way to the floor to prevent unsightly and dangerous clutter 
usually found under ordinary furnaces. Waltz doors fit flush and tight, 
are opened with a convenient foot pedal control. Cabinet-type control 
panels are neatly wired to terminal blocks for easy installation. 

Performance-appeal? Waltz has plenty. Just try to match the 
amazing versatility of a Waltz furnace. Originally installed by Chrysler 
just to handle the needs of the automotive tool room, the furnaces shown 
in the illustration were soon called on to handle many pilot parts, as 
well as regular production runs. Chrysler stayed right on schedule. 
So can you! 

A complete line of Waltz standard or special heat-treating 
furnaces, using all types of fuels, is built to suit your requirements. 
Write for comprehensive illustrated bulletins to Dept. W. 


Choice Distributor Territories Now Open 


FURNACE COMPANY 


SYMMES STREET e CINCINNATI, OHIO 


Personals .. . 


Charles W. Haynes @ has been 
named associate professor and head 
of the metallurgical engineering de- 
partment at Montana School of 
Mines, Butte, -Montana. Imme- 
diately prior to coming to Montana 
School of Mines, Dr. Haynes was 
senior research engineer for Auto- 
netics Corp., Downey, Calif., and 
from 1953 to 1956 was a consultant 
to the Bruning Corp., Lincoln, Neb. 
Prior to that time he was an asso- 
ciate professor of metallurgy at the 
University of Nebraska. 


George A. Meyer, Sr., @ is 
now with Stackpole Carbon Co., 
St. Marys, Pa., where he will be 
primarily concerned with research 
and development work on materials 
and applications of electrical con- 
tacts. He was assistant technical 
and research director of Malleable 
Founders Society, Cleveland, before 
accepting this appointment. 


Ted S. Lundy @, formerly asso- 
ciated with the University of Ten- 
nessee, had joined the staff of the 
metallurgy division of Oak Ridge 
National Laboratory, Oak Ridge, 
Tenn. Other new metallurgists in 
the division include Julian H. Cher- 
ubini @ from Massachusetts In- 
stitute of Technology and Robert 
W. Swindeman @ from the Uni- 
versity of Notre Dame. 


Richard A. Burkett @ has 
assumed new responsibilities as 
manager of the new Chicago ware- 
house of Penn Precision Products, 
Inc., Reading, Pa. Mr. Burkett 
joined the company in 1954 as dis- 
trict manager in the Chicago-Mid- 
west area, and before that was a 
sales engineer with the Beryllium 
Corp., Reading, Pa. 


Lenox Rand @ has been trans- 
ferred from Pittsburgh to Minne- 
apolis with the U.S. Bureau of 
Mines. 


John H. Hoke @ has been named 
supervisor of the stainless steels 
section of the Central Research Lab- 
oratory, Crucible Steel Co. of Amer- 
ica, Pittsburgh. Dr. Hoke comes to 
Crucible from Babcock & Wilcox 
Co. where for the past three years 
he has been a research metallurgist 
at the company’s research center in 
Alliance, Ohio. 
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Your assurance of providing the finest 
quality Cold Work Die Steels for your 
shop is integral in every pound of our 
products. Vanadium-Alloys Die Steels fea- 
ture uniformity of quality unvarying from 
one shipment to another—uniform in struc- 
ture, uniform in response to heat treatment, 
uniformly free from defects so that your 
expensive dies are free from trouble. ® You 
can cover the maximum number of die 
applications with these three favorite steels. 
Keep them on hand in the sizes your jobs 
require—and let Vanadium-Alloys quality 
do the rest! 


Ohio Die 
Lowest movement in hardening. High in strength and toughness. Outwears 


low alloy steels five to eight times. Air or oil hardening. Available in FM 
(free-machining) type also. Stocked in all warehouses. 


Air Hard 


General purpose, deep hardening, exceptional strength and toughness. 
Hardens in still air to Rockwell 65, with much lower movement than 
manganese types. Also available in FM (free-machining) type. Available 
from stock in all warehouses. 


Colonial No. G 


The best cold work die steel for general toolroom purposes—to 
versatility. Manganese oil hardening, specially annealed for easy muchie- 
ing. Stocked in all warehouses. 


VANADIUM-ALLOYS STEEL COMPANY 


LATROBE, PENNSYLVANIA 


SUBSIDIARIES: Colonial Steel Co. ¢ Anchor Drawn Steel Co. ¢ Pittsburgh Tool Steel Wire Co. « Vanadium- 
Alloys Steel Canada Limited ¢ Vanadium-Alloys Steel Societa Italiana Per Azioni e EUROPEAN ASSOCIATES: 
Societe Commentryenne Des Aciers Fins Vanadium-Alloys(France) * Nazionale Cogne Societa Italiana (Italy) 


into perfor yma 


VANADIUM-ALLOYS STEEL COMPAR 
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Yielding and Fracture of 
Mild Steel at -320° F. 


Digest of “Brittle Fracture 
of Mild Steel in Tension at 
—196° C.”, by W. S. Owen, 
B. L. Averbach and M. Cohen, 
® Preprint No. 41, 1957. 


T= AUTHORS present a detailed 

study of the yielding and fracture 
behavior of long strip specimens of 
rimmed mild steel (0.22 C, 0.36 
Mn) when tested at -196° C. 
(- 820° F.) with deformation rates 
varying from 8.9 x 10 to 1.6 x 
10° in. per min. When fracture oc- 
curred it was always preceded by 
gross yielding; thus, when the test- 
ing speed was increased the fracture 
stress increased with the yield stress. 
Microcracks were studied by mi- 
croscopy at 150 to 1000 X on highly 
polished surfaces of the flat speci- 
mens. Usually, the cracks traversed 
only one or two ferrite grains al- 
though there were instances of sev- 
eral microcracks joined by very 
severe local deformation. The long- 
est string of cracks was found in 
specimens subjected to the slowest 
loading rate and lowest stress. It 
appears that some single-grain micro- 
cracks spread slowly by inducing 
cleavage in neighboring grains, and 
at low stresses this process is able to 
continue for some time before frac- 
ture results. 

Microcracks and complete frac- 
tures are located only in the Liiders 
bands and usually some distance be- 
hind the moving front which de- 
lineates the edge of the bands. The 
complete fractures, described as of 
the cleavage type, are subject to a 
time delay which may be separated 
into three components: (a) the de- 
lay time for the initiation of Liiders 
bands, (b) the time of formation of 
microcracks, and (c) the interval 
between their formation and propa- 
gation to complete fracture. Evident- 


Convention Papers 


Properties of Mild Steel Tested at —196° C. (—320° F.) 


Heat TREATMENT 
950° C, As | 950°C. 
Furnace Coot| Recervep | Arr 
Charpy V-notch transition +22.4° C. +15.7° C. —23.1° C. 
Fracture stress * temperature 122,000 psi. | 122,000 psi. | 186,000 psi. 
Reduction in area * 0.3% 2.6% 30.0% 
Minimum fracture stress ¢ <111,000 psi. | 116,000 psi. 126,000 psi. 


* Round bar. 


ly the last component is the major 
time deciding factor. 

A few twins were observed in the 
Liiders’ bands but could not be asso- 
ciated with the microcracks. The 
origin of the microcacks, however, 
could not be determined. Severe 
slip at variance with the predominant 
slip orientation and with exception- 
ally high steps is suspected. 

The authors discuss their results 
in terms of two theories, one based 
on the dislocation concept and the 
other based on a modified Griffith 
crack concept. Only the latter was 
found to be applicable to their ex- 
perimental data. 

The effects of a wide variety of 
heat treatments had been studied 
previously where it was found 
that the properties at —196° C. 
(—320° F.) could be varied from ex- 
treme brittleness (950° C. or 1740° 
F., furnace cooled) to excellent duc- 
tility (950° C., air cooled) as shown 
in the table above. 

The authors report that, although 
microcracks are formed at all load- 
ing rates, a minimum stress is re- 
quired for complete fracture. The 
minimum stress, as shown in table, 
is affected by the heat treatment. 
The magnitude of the Liiders’ band 
strain is similarly affected. It is sug- 
gested that fracture occurs when the 
total crack length—that is, the num- 
ber of cracked ferrite grains times 
their diameter—reaches a critical 
value in the available time and that 
this critical value is sensitive to heat 
treatments. F. Forscver 


t Flat specimen. 


Laves Phases in 
Transition Elements 


Digest of “The Occurrence of 
Laves - Type Phases Among 
Transition Elements,” by R. P. 
Elliott and W. Rostoker, @ Pre- 
print No. 22, 1957. 


AVES PHASES are compounds hav- 
ing the general formula AB, and 
structures of the type possessed by 
MgCu, (cubic C,;), MgZn, (hex- 
agonal C,,), or MgNi, (hexagonal 
Cy¢). These compounds have similar 
structures, consisting of double lay- 
ers of hexagonal arrays of magnesi- 
um atoms surrounded by tetrahedra 
of the B elements. In MgCup, the 
structure consists of layers stacked 
ABCABC while MgZn, consists of 
layers stacked ABABAB, and MgNi. 
is a transition between the two struc- 
tures with stacking of the layers 
ABACABAC. 

Most of the transition metals of 
the fourth, fifth, and sixth periods 
form laves phases of either the 
MgCu, or MgZn. type. Closest 
packing would exist when the ratio 
of the atomic diameters of A and B 
equals V 3/2-or 1.225. There was 
no trend for either the MgCu, or 
MgZn, type phases formed by the 
transition elements to possess or de- 
part from the 1.225 ratio. However, 
it was noted that when the B ele- 
ments were arranged in order of in-. 
creasing atomic number — that is, 
vanadium, chromium, manganese, 
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CASTINGS FOR HIGH 
TEMPERATURE SERVICE 


| DESIGNED FOR LONGER SERVICE 


Fahrite alloy costings for the hec 
treating industry give long, eco 
nemica! service. Cerefyl de- 
sign, «rgical and foundry 
contro! assure sound 
castin:< with high tensile streng!h ond 
high -asistance to thermal shock 

Cur engineers need only 
complete details about the 
eusting requirements of 
heat treeting opere- 
tien io design and 
Fahrite castings with the correct 
cherccteristics to meet your erac! 
operating conditions. A few 
ot the many type: of Fahrite castings 
mude by Chio Steel are: 


Ras Rollers 
Dipping Bas Rodiant Tubes 
Reutorts Fixtures 
Solution Pots Hearth Piotes 
Muffies Chain 


Carburizing Boxes 


THE OHIO STEEL FOUNDRY 


SPRINGFIELD, OHIO 


Springfie!¢d and Lima, Ohie 
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Violent turbulence: 
How to apply it for better quenched parts 


Put turbulence into the quench bath . .. get better parts out. 

That’s the experience of men using LIGHTNIN Mixers 
for violent quench bath agitation. Greater uniformity of 
hardness all over the part, and from one part to the next. 
Greater depth of hardness, resulting in higher over-all 
tensile strength and toughness. No re-treats and rejects 
due to soft spots. No warpage or cracking. For some 

steels, better machinability. 


Where to get help quickly 


You can get LIGHTNIN Mixers for 
new or existing quench tanks; for 
use with any quenchant, any type 
of immersion quenching, pieces of 
any size, shape, quantity. LIGHT- 
NINs are recommended by leading 
steel producers. 
For complete information on 
models that will give you the re- 
» sults you want, just call your near- 
est LIGHTNIN representative (listed 
in Thomas’ Register) or write us 


today. 


WHAT SIZE are your quench tanks? You can 
get LIGHTNINs to fit them. Illustrated are: (1) 
portable, for clamping to existing tanks ('/% 
to 3 HP); (2) permanent mounting, for integral 
construction (% to 3 HP); (3) turbine-type for 
large tanks (1 to 500 HP); (4) side entering for 
large tanks, single or multiple installation (1 
to 25 HP). Write for descriptive catalogs. 


Mixers. 


MIXCO fluid mixing specialists 


MIXING EQUIPMENT Co., Inc.,171-k Mt. Read Bivd., Rochester TI, N.Y. 
In Canada: Greey Mixing Equipment, Ltd., 100 Miranda Avenue, Toronto 10, Ont. 
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Laves Phases .. . 


iron and cobalt—the laves com- 
pounds formed with vanadium or 
chromium as B elements in AB, gen- 
erally had the MgCu, structure, 
while the laves compounds with 
manganese and iron as B elements 
generally had the MgZn, structure, 
and with cobalt as the B element the 
laves compounds had the MgCu, 
structure again. The transition from 
MgCu, type to MgZn. type and back 
to MgCu, type suggested that val- 
ence was important in determining 
whether the laves compound had the 
MgCu, or MgZn, structure. Either 
the electron-to-atom ratio in AB, in- 
creased to a peak and then decreased 
as the B element in the V, Cr, Mn, 
Fe, and Co sequence progressed 
from vanadium to cobalt or the val- 
ence (electron-to-atom ratio) con- 
tinuously increased or decreased. 
Previous work by Witte indicated 
that the discontinuity on the density 
of states curve for the MgCuy type 
should be at an electron-to-atom 
ratio of 1.83 and the discontinuities 
for the MgZn. type at ratios of 1.93 
and 2.32. 

The solution to the problem came 
from a study of the occurrence of 
laves phases in ternary systems. It 
was found that in AB, quasibinary 
systems, such as Zr(V,Co), or 
Zr(V, Fe)», there are intermediate 
ranges where the MgZn. structure 
is stable, although both terminal 
phases have MgCu, structure. This 
suggests that the valency change is 
continuous. If it were not, the 
MgCu, structure would be stable 
throughout the system. Thus, it ap- 
peared that it was possible to have a 
group of laves phases, with the 
MgCu, type structure stable to an 
electron-to-atom ratio 1.83; MgZn. 
type structure stable from 1.83 te 
2.32; and the MgCu, type structure 
stable again at electron-to-atom ra- 
tios greater than 2.32. Thus it was 
possible to establish a self-consistent 
series of valences for the elements as 
follows: Ti 3.92, Zr 3.25, V 2.19, Cr 
1.69, Mn 1.35, Fe 0.92, Co 0.72. 
Valences for nickel and copper were 
taken as 0.25 and 0, respectively, to 
be consistent with the previous val- 
ences. Where the laves phase has 
allotropic forms, for example with 
TiCr., it was assumed that the elec- 
tron-to-atom ratio was 2.32. 

ROBERT JAFFEE 
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For Years of 
Repeat Performance 


SPRING STEEL 


Sandvik Steels have a record of success in applications 
which demand years of consistent, continuous performance. 


In products such as clock and watch springs, 
compressor valves, piston ring springs, 
vibrator reeds .. . wherever fatigue life is vital, 
you'll find Sandvik untiring in service. 


If your product requires high fatigue life, 
fine surface finish, uniform physica! properties 
and accurate gauge, try Sandvik. 


You can get Sandvik strip steels: 

> In special analyses for specific applications. 

D> Precision-rolled in thicknesses to fit your requirements. 

> In straight carbon ond alloy grades. 

> Annealed, unannealed or hardened and tempered. 

> Polished bright, yellow or bive. 

> With square, round or dressed edges. 

b> Wide range of sizes in stock—also slitting facilities available. 


Ask your nearest Sandvik office for further 
information or technical assistance. 


SANDVIK SWEDISH SPECIALTY STRIP STEELS 

ore used for Textile Machine Parts such as sinkers, 

needles, etc. © Band Sows (metal, wood and butcher) © 
Camero Shutters @ Clock and Watch Springs © 
Compressor Valves ®@ Doctor Blades @ 

Feeler Gouges ® Knives such as cigarette knives, surgical, etc. 
® Razor Blodes @ Shock Absorbers © 

A Wide Voriety of Springs © Trowels © 

Reeds: Vibrotor, Textile, etc., © Piston Ring Segment 

ond Exponders @ and many other applications 


SANDVIK STEEL, INC. 


1702 NEVINS ROAD, FAIR LAWN, NEW JERSEY 
Tel. SWarthmore 7-6200 @ In New York City: Algonquin 5-2200 
Warehouses: Fair Lawn, N. J. @ Cleveland @ Los Angeles 
Branch Offices: 8650 Brookpark Rd., Cleveland 279, O.—ONtario |-3205 
230 North Michigan Ave. Chicago |, Ill,—FRanklin 2-5638 
14131 Puritan Ave., Detroit 27, Mich. —BRoadway 3-8474 
3338 South Malt Los Angeles 22, Calif.—RAymond 3-91 16 
SANDVIK CANADIAN LiD.—P. 3 Drawer 1330, Station O, Montreal 9, P. O. 
SANDSTEEL SPRING DIVISION @ Fair Lawn, N. J. @ Industrial Springs 
SANDVIK COROMANT DIVISION @ Fair Lawn, N. J. @ Carbide Tools 
WORKS: Sandviken & Hellefors, Sweden 
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A New Aging Cycle 
for a Superalloy 


Digest of “Effect of Aging 
Cycle on the Properties of an 
Iron Base Alloy Hardened With 
Titanium”, by T. . Eichel- 
berger, @ Preprint No. 21, 1957. 


(TBE ACE HARDENING materials have 
found extensive use in recent 
years for engineering applications. 


Fe-Ni-Cr precipitation hardening al- 
loys developed in the last decade 
have found wide acceptance for ele- 
vated-temperature applications, par- 
ticularly for jet engine rotors and 
other parts operating at high stress 
and high temperature. 

Recent investigations aim to im- 
prove the mechanical properties 
through study of the processing var- 
iables such as solution treatment 
time and temperature, and aging 
time and temperature cycles. This 


Now! hjax SALT BATH FURNACES 
with REMOVABLE 
SUBMERGED ELECTRODES 


What used to be a costly, time-con- 
suming job now takes only an hour 
or two at the most. Labor cost is next 
to nothing . . . and there is little or 
no “down time” for the heat treating 
equipment because Ajax Removable 
Submerged Electrodes can now be 
changed without tearing down either 
the furnace wall or the pot. 
Electrodes enter from over the top 
and slant into the salt bath. There are 
mo openings below the salt line. A 
ceramic tile over each pair of electrodes 


seals off all air and eliminates corrosion 
at the salt line. Thus, all the inherent 
advantages of submerged design are 
assured. 


To expose the electrodes for rapid 


removal, it is only necessary to lift the 
tile. The entire job can be handled by 
unskilled labor. Actual electrode chang- 
ing time is less than an hour per pair. 


Write for li 


Bulletin 810 


giving full details. 


REPLACE AJAX REMOVABLE SUBMERGED ELECTRODES 


at absolute minimum 
labor cost 


«+. without costly shutdowns 


«+. without tearing down 
either furnace or pot 


See it at the National 
Metal Show—Chicago 
Nov. 4-8, 1957 


BOOTH 
1406 


AJAX ELECTRIC COMPANY 


910 Frankford Avenue, Philadelphia 23, Pa. 
Associates: Ajax Engineering Corp.; Ajax Electrothermic Corp. 


paper describes the development of 
a new and improved aging cycle. 

Age hardening heat treatments for 
high-temperature applications of 
these “superalloys” generally follow 
three general types: 

1. Aging at a single temperature 
for a given time wherein the tem- 
perature is usually selected to give 
substantial hardening in a reasonable 
period of time. 

2. A type of aging denoted “a 
double age”. This treatment is 
characterized by a high initial aging 
temperature and a lower final aging 
temperature. The material may be 
cooled to room temperature between 
ages or furnace cooled slowly to the 
lower temperature. The advan- 
tages of the double age are more 
stable hardness and dimensions, a 
higher aged hardness for a given 
hardener content and less effect of 
hardener content on aged hardness. 

3. A type of aging known as “re- 
versed aging”. It is derived from the 
fact that aging is carried out first at 
a low temperature and then at a 
higher temperature. Present com- 
mercial practice is to air cool to room 
temperature between ages. 

A new type of aging treatment is 
offered known as “genuage” (gen- 
eral nucleation, accelerated growth) 
which consists of a reversed age 
with a controlled rate of heating 
from the lower to the higher tem- 
perature. This aging treatment 
offers marked improvements in creep 
and notched-bar rupture properties 
at elevated temperatures. 

Data are presented to show that 
room-temperature tensile properties 
and 1200° F. tensile properties are 
not affected by the type of aging 
treatment employed. The hardness 
obtained through aging is appar- 
ently the determining factor for all 
tensile properties. 

Creep-rupture properties are 
greatly influenced by the aging 
treatment and it is indicated that 
the long-time (400-hr.), low- 
temperature (1200° F.) aging 
treatment produces excellent results 
but commercially this treatment is 
not economical. The same proper- 
ties may be obtained by the new 
“genuage” treatment which requires 
much shorter time cycles. This 
treatment consists of: 

1. The aging reaction is started at 
a low enough temperature to give 
rapid general nucleation and a min- 
imum of diffusion of the hardener 
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Determination of proper particle size, shape and structure made 
possible by RCA Electron Microscope at Fullam Laboratories. 


Magnetic Particles Ferritic Particles 


Studies made at the laboratories of Ernest F. Fullam Inc., 
Schenectady, using the RCA Electron Microscope, have led to 
the discovery of a new material. The new material promises 
stronger, smaller, more versatile magnets than any now available. 
It is composed of microscopic particles of iron, lined up 
parallel to one another and pressed together in a matrix of 
nonmagnetic substances. 


According to Mr. Fullam, “Only through the use of the RCA 
Electron Microscope has it been possible to determine the most 
desirable particle size, shape and structure for producing the 
strongest magnets.’’ Through the use of the selected area electron 
diffraction feature, the crystallographic orientation of the indi- 
vidual particles is also determined. In a similar manner, the 
desirable features of particle structure, size and orientation of 
ferritic materials such as used on magnetic tapes have been 
determined by use of the electron microscope. 


Wherever industrial research men and consultants to industry 
are on the threshold of achievement, developing new products, 
advancing quality control, improving economy of operations, in 
all probability the RCA Electron Microscope is making its own 
contribution. Like other famous RCA products, these instruments 
derive their reputation for superiority from unmatched engi- 
neering. Compact, one-piece units, they assure operating ease 
and convenience with safety and reliability. Installation super- 
vision by the RCA Service Company and contract service are 
available to keep your equipment at its peak. 


Additional information on the features, construction and 
operation of the RCA Electron Microscope is yours 
for the asking. 


Write to RCA Dept. Y-72, Building 15-1, Camden, N.J. 
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@ restricted flow of atmosphere 


.. @ transient moisture and air from quench tank 
@ air carried into the furnace with the charge 


\ detec \ @ leaky furnace seals 


with the DEWPOINTER 


Quick and accurate readings of dewpoints 
in each furnace zone give the heat treater 
the most valuable information possible 
for accurate adjustment of furnace atmos- 
phere. 

In one relatively inexpensive unit, the 
Dewpointer brings you this accurate data 
with simple operations. Any shop man 
can get precise readings every time—for 
the maximum in effective furnace control. 

Only the Alnor Dewpointer gives you 
controlled test conditions...indications 
take place in an enclosed chamber. Dew 
or fog is suspended in the air as sunbeams 
—not on a polished surface. This unique 
principle gives you the greater accuracy, 
faster readings required for critical heat 
treating atmosphere control. 


Eliminate Guesswork 
Here’s what you actually 
see with a Dewpointer—a 
swirl of sunbeams that is 
unmistakable in reading. 
Find out why so many use 
the Dewpointer for atmos- 
phere control. Send for 
your copy of the illustrated 
Dewpointer Bulletin. 
Write: Illinois Testing 
Laboratories, Inc., Room 
$23,420 North LaSalle 
Street, Chicago 10, Ill. 


ILLINOIS TESTING 
LABORATORIES, INC, 


Aging Cycles .. . 


content to the nuclei in the grain 
boundary. 

2. The aging temperature is then 
raised slowly, to prevent retrogres- 
sion, to a higher temperature where 
the precipitated particles will grow 
more rapidly. 

3. The material is then held at this 
higher temperature until the desired 
hardness is obtained. 

The temperatures used for the first 
and second aging steps were 1200 
and 1300° F.; however, these are 
not necessarily the optimum tem- 
peratures for every application. 
Other factors may be involved in ob- 
taining optimum heat treatment for 
a given part and application. 

H. J. E-Menporr 


Transformation Kinetics 
of Zr-Ti and Zr-Sn Alloys 


Digest of “Transformation 
Kinetics and Mechanical Prop- 
erties of Zr-Ti and Zr-Sn Al- 
loys”, by R. F. Domagala, D. W. 
Levinson and D. J. McPherson, 
© Preprint No. 19, 1957. 


N THis stupy of the kinetics of 

transformation of a number of 
Zr-Ti and Zr-Sn alloys, the decompo- 
sition (beta to alpha) occurred so 
rapidly that TTT-curves could not 
be constructed. Effects of isother- 
mal and other treatments on me- 
chanical properties were, however, 
determined. 

Five-pound ingots of the various 
alloys were first melted in a non- 
consumable electrode furnace, then 
forged into l-in. diameter rods. 
These rods were remelted by the 
consumable-electrode technique and 
the resultant ingots forged into %-in. 
diameter, 54-in. diameter, and %-in. 
square stock for the various test 
specimens. Hafnium-free sponge 
zirconium was used for all ingots. 
The alloys tested were zirconium- 
titanium containing 5%, 15% and 35% 
Ti, and zirconium-tin containing 
4%, 7.5% and 11% Sn. 

Attempts to establish TTT- 
diagrams utilized resistometric meth- 
ods because a change in resistivity 
is associated with decomposition of 
the beta phase. 

For short-time isothermal anneals, 
specimens were “beta-ized” in dy- 
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Double cone springs are produced automatically on this 
Wunderlich special high speed automatic coiling and knotting 
machine at the Sealy Mattress Company, Cleveland, Ohio. Ma- 
chine coils, crimps, knots and heat treats springs made from 
134% gage Mastercraft spring wire, supplied in 600 Ib. bundles. 


UNIFORMITY J&L WIRE 


speeds spring production 


J&L spring wire reduces number of rejects, increases Call your J&L representative or write to the Jones & 
production, in modern automatic operations. One rea- Laughlin Steel Corporation, Dept. 405, 3 Gateway 
son is that every bundle of spring wire is produced to Center, Pittsburgh 30, Pennsylvania. 
closely controlled tolerances. 

Rigid quality control assures uniform physical and 
dimensional characteristics. Every coil of famous 
Mastercraft, hard-drawn MB or Electromatic oil-tem- 
pered MB spring wire is thoroughly tested. Jj La ghi 

Try this superior Jones & Laughlin spring wire. You'll ones & u in 
find it’s tops in quality, competitive in price. STEEL ...a great name in steel 
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helpful metals, minerals, and 
chemicals for busy metallurgists 


for deoxidizing 
and degassing metals 


Lithium Metal 


Lithium metal, processed 
by Foote to a purity of 
99.8% Li, is used exten- 
sively for alloying, deoxi- 
dizing, degassing, and 
scavenging a variety of 
metals. 


for improved hot 
rolling characteristics 


Manganese Sulphide 


Foote Manganese Sul- 
phide, a fume-free ladle 
additive, improves hot 
rolling characteristics and 
quality of high sulphur, 
free-machining steels. 


for a wide variety 
of proved 


Fluxes and slag 
forming materials 


Foote’s lithium com- 
pounds offer broad combi- 
nations of fluxing proper- 
ties for soldering, welding, 
brazing. Foote’s lithium 
ores are useful in solving 
slag problems. 


for high chemical con- 
sistency, uniformity in 


Welding rod coating 
materials 


Foote is the world’s lead- 
ing manufacturer of raw 
materials for welding rod 
coatings. Foote pioneered 
development of these ma- 
terials over 30 years ago. 


for better rimming 
action at lower cost 


Rimex® 

Rimex, developed by 
Foote Research Labora- 
tories, improves rimming, 
minimizes ingot growth, 
and does not generate ob- 
noxious fumes. 


for flash bulbs, pyro- 
tecnics, ammunition 


Zirconium Metal 
Powder 


Foote’s zirconium metal 
powder, a highly pyro- 
phoric material, is pro- 
duced in subsieve particle 
sizes as and 
grade product. 


for guaranteed 99.9% 
pure manganese 


Electromanganese® 


The high purity of 
Electromanganese is the 
metallurgical key to the 
development of 200 series 
stainless as well as other 
steels requiring critical 
control of carbon and 
other elements. 


for dependable purity in 


Titanium, Zirconium, 
Hafnium 


The controlled purity of 
these metals helps metal- 
lurgists develop depend- 
able metal formulations 
for current uses as well 
as those of the future. 


for technical 
assistance, information 


Foote metallurgical 
research, service 


More than just a supplier 
of chemicals, minerals, 
and ores, Foote offers the 
metal making industry an 
ever growing wealth of 
technical information and 
experience. 


Zr-Ti and Zr-Sn Alloys... 


namic helium atmosphere, then iso- 
thermally quenched in a deoxidized 
lead bath or a second furnace. Long- 
time treatments were performed 
with the specimens annealed in 
evacuated Vycor or quartz bulbs. 
At the conclusion of all anneals spec- 
imens were water quenched. Stand- 
ard ¥%-in. tensile specimens and V- 
notch charpy specimens were em- 
ployed in determining mechanical 
and impact properties. 

The attempts to establish TTT- 
diagrams for all of the alloys failed 
because transformation from beta 
occurred so rapidly that the equip- 
ment used could not, detect it. As- 
quenched resistivity was the same 
as resistivity of bars isothermally 
treated and held for periods up to 
one week. Metallographic examina- 
tion confirmed this, with structures 
of titanium alloys originally alpha- 
prime and only coarsened by iso- 
thermal annealing. 

Transformation of the tin alloys 
proceeded in a similar way and 
though some precipitation to Zr,Sn 
was expected, no appreciable 
amount was observed. 

All heat treatments followed the 
same pattern with mechanical prop- 
erties (tensile strength, elongation, 
reduction in area and impact) deter- 
mined on the following conditions 
for sponge zirconium and the alloys: 

1. Air cooled, furnace cooled and 
water quenched from the beta field 
(beta-ized ). 

2. Beta-ized (heated to beta field), 
water quenched and reheated to 
temperatures from 400 to 1100° C. 
(750 to 2010° F.) for various 
times from 5 to 1000 min. Temper- 
atures for beta-izing varied from 
950 to 1250° C. (1740 to 2280° F.). 

3. Beta-ized, quenched to temper- 
atures from 400 to 1100° C. (750 to 
2010° F.) and held for various 
times from 5 to 1000 min. 

Results of these treatments can be 


summarized as follows: 

1. Isothermal quench and quench 
and reheat treatments on all Zr-Ti 
alloys always resulted in weaker and 
more ductile properties than the as- 
quenched properties. On the 15% 
Ti alloy, beta-ized and quenched to 
600° C. (1110° F.) for 180 min. as 
compared to the water quenched 
material, the tensile strength drop- 
ped from 155,000 psi. to 113,000 


Why not let Foote’s enormous compilation of technical 

data and many years of experience work for you .. . im- 

roving your products .. . solving your production prob- 

ems. Write for product literature and application assist- 

ance. Address request to Technical Literature Department, 

J Foote Mineral Company, 424Eighteen West Chelten Bldg., 
Philadelphia 44, Pennsylvania. 


OOTE ; SALES OFFICE: El. se Division, Knoxville, Tennessee 


mintnar COMPANY RESEARCH LABORATORIES: Berwyn, Pennsylvania 


PLANTS: Cold River, N. H.; Exton, Pa.; Kings Mountain, N. C.; 
Knoxville, Tenn.; Sunbright, Va. 


ELECTROLYTIC MANGANESE METAL « WELDING GRADE FERRO ALLOYS ¢ STEEL ADDITIVES * COMMERCIAL MINERALS AND OXIDES 
@ ZIRCONIUM & TITANIUM (IODIDE PROCESS) © LITHIUM METAL, CHEMICALS AND MINERALS « STRONTIUM CHEMICALS 
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Glidden doubles production...thanks to GAS 


During the last few months, production of polyester 
resins and other paint bases at the Glidden Com- 
pany’s Wilhelm Division, Reading, Penna., has 
been doubled—thanks to their new Gas-fired, 
radiant batch furnace designed and installed by 
Blaw-Knox Company. 

The location of the Gas burners and the arrange- 
ment of the furnace interior surface are engineered 
to radiate evenly diffused heat to the exposed 
surface of the kettle. This design assures Glidden 
of accurate temperature control, significant fuel 


savings, low initial investment and low mainte- 
nance. From a cold start, this Gas furnace can reach 
full operating temperature in a matter of minutes 
...and cool within 30 seconds after the Gas sup- 
ply is shut off—perfect controllability. 

For information on how you can achieve similar 
savings and efficiency in your production opera- 
tions, contact your Gas Company’s Industrial 
Specialist who will be glad to discuss the advan- 
tage of Gas and Gas-fred industrial equipment 
with you. American Gas Association. 


See Playhouse 90 with Julia Meade on CBS-TV. Watch local listings for time and station. Sponsored by your Gas Company and the Gas Industry. 
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Model 2400P AO Desk-Type 


4 Metal Research Laboratories 
Electro Metallurgical Company, 
Niagara Falls, New York 


Nas Division of Unien Carbide Corporation 


You can count on the AO Metallograph, day in and day out, to produce! Pour on 
the work! It never balks...a real workhorse. Users are unanimous in their praise, 
“Accurate results everytime; fast and easy,” sums up their comments, Check these 
features that make the AO Metallograph unequalled for quality, versatility, con- 
venience and SPEED! 


@ Top optical and mechanical 
quality 


@ Compact...sturdy...self con- 
tained console design 


@ Simultaneous visual and pho- 
tographic focus 


® Brightfield, polarized, phase, 
oblique illumination 


® Quadruple revolving objective 
turret 


@ Calibrated resultant magnifi- 
cations 


@® Multiple photographic eye- 
piece carrier 


® Automatic motor-driven car- 
bon arc 


@ Graduated rotatable stage 


Dept. VII? 
Please send me complete information on AO | 
Metallographs. | 
NAME | 
ADDRESS__ | 
DIVISION. BUFFALO 15. NEW TORK CITY. ZONE_____STATE 


Zr-Ti and Zr-Sn Alloys... 


psi., and reduction of area increased 
from 2 to 28%. 


2. A significant improvement in 


impact strength was observed on 5 
and 15% Ti alloys finish forged in 
the alpha + beta field. 


3. There was a measurable varia- 
tion in tensile properties with heat 


treatment of the 4% Sn alloy but no 
noticeable trend. 
strength (146,000 psi. with 33% re- 
duction in area) was obtained with 
beta-ized and water quenched ma- 
terial as compared to 113,500 psi. 
and 47% reduction in area on mate- 


Highest tensile 


rial that beta-ized, water 


quenched and tempered 30 min. at 
950° C. (1740° F.), 


The 7.5% Sn alloys exhibited 
the widest range of properties, with 
tensile strength of 156,000 psi. and 
4% reduction in area on material 
beta-ized and water quenched versus 
a tensile strength of 123,000 psi. and 
38% reduction in area on material 
beta-ized and isothermally annealed 
30 min. at 700° C. (1290° F.). 
The smallest range of mechanical 
properties was shown by the 11% Sn 
composition. 

Paut G. NELSON 


Titanium-Columbium 
Alloys 


Digest of “Mechanical Prop- 
erties and Heat Treatment of 
Titanium-Niobium Alloys”, by 
L. W. Berger, D. N. Williams 
and R. I. Jaffee, @ Preprint No. 
15, 1957. 


1rH increased quantities of co- 

lumbium potentially available, 
its value as an alloying addition to 
other metals has been investigated. 
Studies of mechanical properties of 
alloys with up to 70% columbium are 
described. 

Titanium-columbium binary alloys 
up to 70% Cb were prepared by 
inert-gas-shielded electrode arc melt- 
ing on a copper water-cooled hearth. 
The melted buttons were fabricated 
by forging in air at 1800° F. to 
approximately %-in. square cross 
section and were then rolled at 1300 
to 1500° F. to 0.050-in. sheet. 
Short-time heat treatments above 
1300° F. were conducted in protec- 
tive atmospheres, while other treat- 
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all former-hot rollec 


Here’s a revolutionary, new Crucible policy designed to provide an improved 
product—save time and processing costs. Now, Crucible furnishes all REX® high speed 
rounds from %” up with a machined surface, close to size and free from 

decarburization. All bars from 4%” to %” round are supplied cold finished. 


his new thrift finish means important savings to you — whether you've been paying extra 
for decarburization and stock removal, or grinding or rough turning rounds in your 
own shop. Of course, where extremely close tolerances are demanded, precise 
centerless grinding is still available at a small extra. 
It’s another Crucible “first” that offers you substantially more for your high speed 
steel dollar. Cructble Steel Company of America, The Oliver Building, 
Mellon Square, Pittsburgh 22, Pa. 


Ic R i C | e LE| first name in special purpose steels 


Crucible Steel Company of America 


Canadian Distributor — Railway & Power Engineering Corp., Ltd. 
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Ti-Cb Alloys . . . 


ments below 1300° F. were con- 
ducted in air. 

Titanium-columbium alloys are 
characterized by low strength and 
excellent bend ductility. Columbium 
added in small quantities is a very 
good alpha solid solution strength- 
ener of titanium. Tensile strength 
properties were significantly in- 
creased by additions of up to 3%, 
with little effect on the elongation 
values. At slightly higher contents, 
strength declined but additional 
amounts above 10% resulted in some 
alpha-beta strengthening until a 
maximum tensile strength was 


reached at 25% columbium. This 
increase in strength was even more 
evident in alloys rolled at 1500° F. 
than the same alloys rolled at 1300° 
F. A _ beta quenched 35% Cb 
titanium alloy had a maximum ten- 
sile strength, minimum yield 
strength, and maximum uniform and 
total elongation. Metallographic ex- 
amination revealed a strain-induced 
acicular phase in the 25 to 40% Cb 
alloys but not in alloys lower or 
higher in columbium. The large 
difference between tensile and yield 
strengths with attendant increase in 
uniform elongation was thought to 
be characteristic of strain-induced 
martensite transformation such as 
occurs in other titanium alloys. 


Our years of experience as spe- 
cialists in Electric Salt Bath 
Heat Treating Equipment can 
contribute to a Positive and 
Profitable solution. 


EVERY JOB CUSTOM 
BUILT AND SERVICED 
TO YOUR SATISFACTION! 


PLEASE SEE US AT BOOTH 641 


NATIONAL METAL SHOW 


The binary alloys of titanium with 
50 to 70% Cb are characterized by 
low strength with a high yield-to- 
ultimate strength ratio, also with 
very low uniform elongation, excel- 
lent bend ductility and_ relatively 
high reduction in area. These beta- 
phase alloys are mechanically stable 
with very low work hardening capac- 
ity. Necking takes place very shortly 
on the outset of plastic deformation 
during tensile test. The stable beta 
alloys are about equal in strength to 
the unalloyed titanium. The ter- 
minal alpha solid solution of about 
3% Cb is, however, considerably 
stronger than the soft beta alloys. 

Tests conducted on a 20% Cb 
alloy by solution heat treating speci- 
mens in increments of 25° from 1200 
to 1275° F. indicated that the me- 
chanical properties are quite sensi- 
tive to small differences in heat 
treatment and probably to fabrica- 
tion temperatures in the alpha-beta 
field. Previously annealed or stabi- 
lized samples containing up to 35% 
Cb were beta-quenched and checked 
for hardness to st) » the martensite 
transformation. | > increase in hard- 
ness connected with martensite for- 
mation was observed. Age harden- 
ing was explored as a possibility with 
alloys containing 15 to 50% Cb 
quenched from the beta field and 
subsequently aged at 800, 900, and 
1000° F. Response was best at 
800° F. for alloys containing 20 to 
35% Cb; however, over-aging occur- 
red quickly at 1000° F. The beta 
phase becomes increasingly more 
stable with increased columbium 
content above 35%. A 50% Cb alloy 
showed no response to aging for 
times up to 40 hr. at 800° F. At 
low columbium contents (up to 
about 15%), there was not sufficient 
stabilization of the beta phase and 
no aging occurred. In all tests, 
strength was considerably increased 
by selected aging treatments at the 
expense of ductility. Extreme brittle- 
ness in the 30% Cb alloy was thought 
to be consistent with the formation 
of an omega phase. 

To summarize, the mechanical 
properties of titanium-columbium 
alloys may be varied considerably by 
solution treatment in the alpha-beta 
field to control the amount and com- 
position of retained beta. Alloys 
containing 20 to 35% Cb may be 
appreciably hardened by quenching 
from the beta field followed by aging 
treatments. G. A. FrrrzLen 
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A‘: more than seventy-five 
years ago a wonderful new 
kind of copper and tin alloy pos- 
sessing high tensile strength, great 
resiliency and unusual corrosion- 
resistant properties was introduced 
to American industry. This new 
bronze alloy had been perfected by 
the addition of a small amount of 
phosphorus to the copper and tin 
mixture. 


No other producer of metals in the 
United States was able to duplicate 
this extraordinarily useful alloy. 
Therefore, because of the unique- 
ness of this new phosphorus- 
bearing alloy, the smelters respon- 
sible for its creation gave it a trade 
name “PHOSPHOR BRONZE” 
and adopted for itself the firm name 
of The Phosphor Bronze Smelting 
Company. 


This was the first Phosphor Bronze 
ever produced in the United States 
of America. 


“Phosphor Bronze” was immedi- 
ately accepted by America’s bur- 
geoning industry. Demand for the 
new alloy grew by leaps and 
bounds and The Phosphor Bronze 
Smelting Company soon had many 


TRADE-MARKS WHICH IDENTIFY 
THE ORIGINAL AND THE BEST 


imitations of its products. So, to 
protect customers from spurious 
imitations, the trade name of 
“Phosphor Bronze” was incorpo- 
rated into two distinctive frade- 
marks which were duly registered 
in the U. S. Patent Office on Febru- 
ary 21, 1888. Thesetrade-mark reg- 
istrations have been pte 
in full force, throughout the inter- 
vening years and are presently 
owned by The Seymour Manufac- 
turing Company. 


In time, new variations of the orig- 
inal “Phosphor Bronze” alloy were 
introduced by the now-famous 
smelting Company. To identify 
these, the trade name of “ELE- 
PHANT BRAND” was adopted, 
together with a distinctive picture 
of an elephant. The words “ELE- 
PHANT BRAND” were incorpo- 
rated into a trade-mark and regis- 
tered with the U. S. Patent Office 


on August 20, 1907. The oe 
of the elephant shown in this ad- 
vertisement, is a new one, designed 
to supersede its 1906 predecessor 
and was Registered, as a ftrade- 
mark, on October 2, 1956. 


We are proud that American in- 
dustry has wholeheartedly 
accepted our product. The name 
“PHOSPHOR BRONZE” has be- 
come internationally known and is 
familiar to metalworking men and 
metallurgists everywhere. 


We—the officers, stockholders and 
employees of The Seymour Manu- 
facturing Company endorse the 
action of the Phosphor Bronze 
Corporation in bequeathing this 
name to the American metalwork- 
ing industries. We reserve only ... 
the exclusive right to use the trade- 
marks illustrated above. 


THE SEYMOUR MANUFACTURING COMPANY 


Successors to The Phosphor Bronze Corporation 


SEYMOUR, CONNECTICUT 


Pa, 
n° 
ELEPHANT 
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tempering line in Australia 
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Surface furnaces 
spell profit in any language 


Equipment built by Surface or its Associates speaks a language common to all free 
nations of the world of metals—the language of profits. 


No matter how the specifications are written—in English, French, German, Italian, Japa- 
nese, or Spanish—the quality and production of metals are improved with the help of 
Surface and its associated companies. 


This international experience pays dividends in a profitable exchange of metallurgical 
ideas, techniques, and processes. As travel around the world of metals broadens Surface, 
so does it broaden the profit potential of every Surface customer. 


If profit is a pleasant word to you, it will pay you to talk with Surface, or one of the 
following associated companies near you: 


British Furnaces, Ltd. (Industrial furnaces), Chesterfield, England. 
Chugai Ro Kogyo Kaisha, Ltd., Osaka, Japan. 

Benno Schilde Maschinenbau, A. G., Bad Hersfeld, Germany. 

S. A. Belge, Stein & Roubaix, Bressoux, Liege, Belgium. 

S. A. Forni Stein, Genoa, Italy. 

Stein & Roubaix, Paris, France. 


Stein & Atkinson, Ltd. (Steel Mill equipment), London, England. 


Surface Combustion Corporation, 2377 Dorr Street, Toledo 1, Ohio. 
In Canada: Surface Industrial Furnaces, Ltd., Toronto, Ontario. 
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Electrolytic Extraction 
of Carbides 


Digest of “Electrolytic Ex- 
traction of Carbides From 
Carbon Steel”, by R. W. Gurry, 
J. Christakos and C. D. Stricker, 
@Preprint No. 4, 1957. 


NVESTIGATION of the nature and 
composition of carbides in steels 
has been somewhat handicapped in 


the past by questions raised concern- 


ing the extent to which the carbides 
decompose during and after their 
extraction from the steel. A com- 
prehensive investigation was carried 
out to determine the variation in ex- 
tent of carbide decomposition as 
telated to variations of the individual 
factors involved in their electrolytic 
extraction from carbon steel. This 
work has led to the development of 
an improved experimental technique 
for reliable measurement of the 
amount and composition of carbides 


NEW IDEA 


Now Proven In Service 


HILL SHEAR 


4%" size 


& Simplicity of Design. 


Clean, square cuts. 
Low maintenance. 


@& You'll be amazed at it’s performance. 
You'll be surprised at the price. 


B® Made in 3”, 4%", 64%" sizes and larger. 
Choice of hand, semi-automatic or 


fully automatic feed. 


Full details and specificati 


are given in Bulletin SP-56. 


1209 WEST 65th, STREET e 


CLEVELAND 2, OHIO 


“MRL” GRINDING & POLISHING MACHINES © HYDRAULIC SURFACE GRINDERS © ALSO MANUFACTURERS OF “ACME” FORGING © THREADING a 
TAPPING MACHINES “CANTON” ALLIGATOR SHEARS + BILLET SHEARS » PORTABLE FLOOR CRANES “CLEVELAND” KNIVES SHEAR BLADES 


electrolytically extracted from car- 
bon steel. Tests show that the pro- 
posed new method results in less 
decomposition of the carbide than 
other established methods. 

Complete details of the experi- 
mental work are given in the paper. 
The apparatus and technique devel- 
oped are simple but effective. Briefly, 
an electrolyte consisting of an aque- 
ous solution of cadmium iodide was 
found to give a minimum of decom- 
position of the extracted carbide. 
With this solution, and other condi- 
tions optimum, only 6.9% of the fine 
carbide was decomposed in a “stand- 
ard” steel sample (0.45% C, 0.80% 
Mn steel quenched completely mar- 
tensitic, then tempered 24 hr. at 
900° F.). In comparison, the classic 
method of Klinger and Koch, devel- 
oped in 1937, using a neutral citrate 
electrolyte, gave about three and a 
half times the decomposition of the 
cadmium iodide solution. A further 
advantage of the iodide solution is 
that it was found to be quite insensi- 
tive to a large variation in current 
density. An important feature of the 
new method is a motor-driven ham- 
mering device which sharply and 
continually jars off the isolated par- 
ticles from the specimen during the 
entire extraction period (usually 18 
hr.). Without this device carbide 
decomposition was 2% to 5 times 
greater. 

After establishing optimum ex- 
tracting conditions on the standard 
sample described above, the method 
was tested on a series of specimens 
of the same steel, tempered for 24 
hr. over a range of 700 to 1300° F. 
The extent of carbide decomposition 
varied in a continuous (but not 
linear) manner, from nil for temper- 
ing at 1300° F. to 25.2% for tem- 
pering at 700° F. It is explained 
that with higher tempering tempera- 
ture the carbide particles are visibly 
larger and therefore less subject to 
decomposition. As the tempering 
temperature is lowered, decomposi- 
tion increases, particularly below 
900° F. The manganese content of 
the extracted carbides increased with 
increasing tempering temperature, 
reaching a maximum at about 1100° 
F. (24 hr. tempering). This is 
explained by diffusion of manganese 
into the carbide during tempering. 
The authors indicate that this inter- 
esting phenomenon is to be the 
subject of a subsequent paper. 

G. H. ENz1IAN 
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How a year in the Antarctic 
proved that USS “T-1” Steel “can really take it” 


SKIS on these gigantic 1014-ton 
sleds are made of USS “T-1” Steel. 
Over a year ago, 38 of the sleds went 
into service as cargo carriers for the 
Navy’s OPERATION Deep FREEZE in 
Antarctica. During that time they 
have been subjected to temperatures 
around 69° below zero. Towed by 
powerful tractors, they have scraped 
and gouged—400 miles in a single 
trip—across the rock-hard ice of the 
South Polar Plateau. And each sled 
has carried up to 20 tons of cargo 
per trip. 

What has been the effect of this 
severe service on the skis of USS 
“T-1” Steel? None. They have re- 
mained strong and tough, despite the 
bitter sub-zero temperatures. No 
brittleness. No failure. USS “T-1” 
Steel’s hardness has successfully re- 
sisted the tremendous abrasive prop- 
erties of crusted snow and ice. Its 
toughness has prevented low-tem- 
perature impact failure. What's 
more, its very high yield strength 
(90,000 psi minimum) permitted 
i the skis to be fabricated from 4” 
USS “T-1” Steel plate. Thus, the 
skis were built lighter, yet stronger. 


a The USS “T-1” Steel skis are 154 
inches long and 34 inches wide, were 
cold-formed on a brake press in the 
shape of troughs. Then the front 
and back ends of the troughs were 
notched at the outer line by gas cut- 
ting, formed up and together, then 
welded to make the curved front 
and back ends of the skis. Welding 
was done with E-12015 rod. 
- USS “T-1” Steel is being used to 
increase strength and durability, 
while reducing weight and costs in a 
wide variety of applications from 
bridge construction to mining equip- 
ment. For complete information, 
write to United States Steel, 525 
William Penn Place, Pittsburgh 30, 
Pennsylvania. 


Sleighs being assembled at landing point in Antarctica. The massive sleighs were 
designed jointly by the U. S. Navy and Otaco, Limited, of Orillia, Ontario, Canada. 


OPERATION 


physical Year (1957-1958), American “USS” and “T-1" are registered trademarks 


scientists, with the support of the United 
States Navy, will, through research at 


Antarctica, endeavor to advance the 


world’s knowledge of meteorology, glaci- United States Steel Corporation, Pittsburgh - Columbia-Geneva Steel 

Division, San Francisco - Tennessee Coal & tron Division, Fairfield, Ala. 
ol , ionospheric sics, geomagnet- 
ony Phy United States Stee! Supply Division, Warehouse Distributors, Coast-to-Coast 
ism, aurora and air glow, cosmic rays, 


United States Stee! Export Company, New York 
seismology and gravity. 
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designed with stainless 


The reactor we are talking about contains a fissionable nuclear 
core through which passes thousands of gallons of water per 
minute at elevated temperature and pressure. This pressurized 
radioactive water transfers heat from the reactor core to a shell- 
and-tube-type steam generator which in turn produces non- 
radioactive steam in the secondary system for power turbine 
operation. 

As power requirements change, the temperature of the primary 
water is maintained by moving neutron-absorbing reactor control 
rods in or out of the reactor. Resulting pressure and volumetric 
changes of the primary water system must be controlled, and this 
is the job of the pressurizer vessel. 

When the primary system water pressure drops, high-capacity 
back-up immersion heaters at the bottom of the pressurizer go 
into action to heat the water and generate more steam and 
maintain pressure. When the primary system pressure goes up, 
water sprays inside the pressurizer are activated to collapse the 
steam bubble, thus reducing the pressure and permitting positive 
water surges from the primary system. Since the walls are alter- 
nately exposed to wetted and vaporous conditions at high tem- 
peratures, a severely corrosive environment exists. Corrosion 
in this vessel could result in a hazardous level of radioactivity 
throughout the primary side of the plant. The choice of a proper 
steel to insure against this hazard was a major consideration. 
This is why the pressurizer was designed with stainless steel. 

Electric furnace and metallurgical staffs worked together to 
obtain the precise chemical composition specified. Great care 
was taken during processing in the electric furnace shop. Then, 
forge press crews, heat treaters and machinists combined skills 
to produce the finished rings, which certainly rank among the 
finest USS Quality Forgings ever produced. 

Your USS Quality Forging order makes use of the same steel- 
making facilities, the same processing equipment, and most im- 
portant: your forging is made by the same skilled workmen in 
our Homestead Forgings Division. 

If you’d like to inquire about a USS Quality Forging made 
under these conditions, or if you’d like our free 32-page booklet 
on the subject, please write to United States Steel, 525 William 
Penn Place, Pittsburgh 30, Pa. 


USS 
QUALITY 
FORGINGS 


heavy machinery parts... carbon, alloy, stainless 


forged steel rolls and back-up roll sleeves 


electrical and water wheel shafts 
specialty forgings of all types 


UNITED STATES STEEL 


wy Pressurizer for 
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seismonogy and gravity. 


nuclear reactor system 


steel USS Quality Forgings 
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To meet rugged service conditions—— 


a refractory concrete: dome 


made with 


Three-year service life wos obtained at this plant by a previous furnace dome made with the same materials. This 17’ diameter hardening and 
annealing furnace inner dome is made with a castable refractory containing Atlas Lumnite cement — A.P. Green ‘‘Kast-Set.’’ Heat passes through 289 easily 
formed 5’’ round holes, heating concrete on both sides. Installed by Lindberg Combustion, Chicago, Ill., for the Englander Co., Inc., Birmingham, Ala. 


e Lumnite-made refractory concrete resists extreme variations in 
temperature and thermal shock due to rapid heating and cooling. 


e Durability under severe operating conditions is assured. 


e Placement is fast and easy — service strength is reached 
within 24 hours. 
For maximum convenience, use Lumnite-made castables. 
These are pre-mixed, ready for use, and are made by leading 
manufacturers of refractories. For more information, write: 
Universal Atlas, 100 Park Avenue, New York 17, N. Y. 


* “LUMNITE” is the registered trademark of the calcium-aluminate 
cement manufactured by Universal Atlas Cement Company. 


UNIVERSAL ATLAS CEMENT COMPANY — member ofthe industrial family thatserves the nation—UNITED STATES STEEL 
OFFICES: Albany - Birmingham - Boston - Chicago - Dayton . Kansas City - Milwaukee . Minneapolis . New York - Philadelphia - Pittsburgh - St. Louis - Waco 
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ow offers even greater blast cleaning savings - 
h-capacity ROTOBLAST units throwing up to 

of abrasive per hour. To see how these 

are incorporated in Pangborr.’s new 

asting castings, forgings, hot rolled 
write... 


Pangborn 
with new 
160,000 po 
ROTOBLAST uf 
machines for rot@E 


steel, super alloys, 


8, Maryland 
rol Equipment 


| *PANGBORN CORPORATION, Hagers 
Manufacturers of Blast Cleaning and Dust 
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When heat treat is important 
... specify STANDARD 


ROCKWELL 75+C 
with .0OO5 “SUPERCASE”" 


Been looking for a parts casing process that gives you a “paper” 
thin, but extremely hard, wear-resistant surface? You've found it! 
It's “SUPERCASE” . . . a new process, exclusive with Standard 
Steel Treating Company, for nitriding all types of stainless steels. 
As in the typical “SUPERCASED” parts illustrated above, 
normal case depths range from .0003 to .0007 and the hardness 
factor approaches that of a diamond. 


Consider, too, some of the other outstanding advantages of 
“SUPERCASE” over older nitriding methods . . . case depths 
are controlled to much finer limits . . . dimensional change is 
negligible . . . reworking, when needed, simply involves case 
removal, and selective hardening is easily accomplished by mask- 
ing off areas that require machining after nitriding. Ask about 


“SUPERCASE” . . . write Standard for full details today! 
Samples Processed Free of Charge 


Standard Steel Treating Co. 


“THE STANDARD OF THE HEAT TREATING INDUSTRY" 


3467 LOVETT AVE. - DETROIT 10, MICHIGAN 


Grain Size Control of 
Aluminum 3003 by 
Preheating 


Digest of “The Relation Be- 
tween Constitution and Ultimate 
Grain Size in Aluminum-1.25 
Per Cent Manganese Alloy 
3003”, by Philip R. Sperry, © 
Preprint No. 49, 1957. 


TEMPERATURE thermal treat- 
ments of ingots of aluminum al- 
loy 3003 (1.25% Mn) preparatory 
to rolling or extrusion have been 
used for many years as a grain size 
control measure. If ingots produced 
by direct-chill methods are given 
an appropriate high-temperature 
preheating treatment, it is not diffi- 
cult to obtain a fine grain in an- 
nealed sheet with normal production 
controls. Omission of the preheat- 
ing treatment leads to a coarse- 
grained product. Various mechan- 
isms have been proposed to explain 
the effects of such thermal treat- 
ment, but a more thorough study of 
the structures and constitution of 
the alloy as affected by fabricating 
variables was considered necessary. 
In the initial experimental proce- 
dure a single large ingot was divided 
into blétks, one of which was given 
the high-temperature preheat and 
the other a lower-temperature treat- 
ment. Sheet was rolled from both 
types. Samples were taken at vari- 
ous stages of processing. The manga- 
nese content of the solid solution in 
these samples was determined by 
electrical resistivity measurements, 
while the distribution of silicon be- 
tween secondary constituents and the 
solid solution matrix was estimated 
by microscopic lineal analyses. 
These preliminary experiments 
verified the important changes in re- 
crystallization behavior and ultimate 
grain size afforded by high-tempera- 
ture preheating and pointed to 
accompanying differences in precipi- 
tate size and dispersion as the prob- 
able cause of the changes. Since 
differences in the amounts of ele- 
ments retained in solid solution were 
also involved, additional experiments 
were made in which the solid solu- 
tion concentration and precipitate 
density were varied independently. 
It was concluded that the solid 
solution composition differences, al- 
though they affected the recrystal- 
lization range, were not responsible 
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A few of the fine executive desk appointments made of Formbrite by Smith Metal Arts Co., Inc. 


For a superfine luster that lasts—superfine-grain Forundrite 


Smith Metal Arts Co. uses easy-to-polish, scratch- 
resistant Formbrite to add value to its line of distin- 
guished desk appointments. 


The fine executive desk appointments made by Smith 
Metal Arts Co., Inc., Buffalo, N. Y., are not just polished 
to shine. They are brought up to a beautiful deep lus- 
ter. For their line of brass accessories they use Form- 
brite,* Anaconda’s superfine-grain drawing brass. 


They have found that the fine, uniform grain size of 
Formbrite enables them to give their pieces a superior, 
more uniform texture. The luster, furthermore, stands 
up better under handling because Formbrite provides 
a harder, more scratch-resistant surface. 


In order to achieve this fine luster, Smith Metal Arts 
Co. must do an exceptional amount of polishing and 
they have chosen Formbrite because of its superior 
polishing characteristics. By using Formbrite they can 
achieve their high quality surfaces at savings of 20% 
over the use of ordinary brass. 


OCTOBER 1957 


See for yourself. Formbrite is a premium product at a 
nonpremium price. Find out for yourself how its super- 
fine grain, excellent drawing properties, strength, and 
scratch resistance can help you improve product qual- 
ity, lower finishing costs. Write for Publication B-39. 
Better yet, ask for a sample or details on our trial order 
offer. Address: The American Brass Company, Water- 
bury 20, Conn. In Canada: Anaconda American Brass 
Ltd., New Toronto, Ont. sm 


SUPERFINE-GRAIN DRAWING BRASS 
on ANACONDA product 


Made by The American Brass Company 
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Grain Size Control . . . 


for the grain size variations. The 
tendency for formation of large 
grains in the low-temperature pre- 
heated material existed over a wide 
range of solid solution composition. 
At the same time, the high-tempera- 
ture treatment produced fine grains 
over a similarly wide range in the 
composition of the solid solution. 
The evidence pointed to the de- 
gree of dispersion and size of the 
precipitate or “dispersoid” particles 
as the important factor; it also fa- 
vored an obstruction mechanism to 
explain the differences in final grain 
size. The presence of fine precipi- 


tate particles in material which was 
not preheated at high temperature 
appeared to inhibit recrystallization; 
however, detailed study of the struc- 
tures revealed that very fine recrys- 
tallized grains formed at normal re- 
crystallization temperatures but 
growth of these grains was highly 
selective. The selectivity of growth 
was attributed to mechanical ob- 
struction by precipitate particles. 
Since the number of grains in which 
growth was permissible was limited, 
the final grain size was large in such 
material. 

The distinguishing feature of the 
manganese-bearing precipitate pres- 
ent in 3003 alloy, which may explain 
its strong effects on recrystallization 


Quality Tool Hardeners 


Choose Sentry Furnaces 


For High Speed Steel tool hardening many of the country’s 
leading manufacturers rely on Sentry Furnaces. The Sentry 
Diamond Block Atmosphere makes the difference. 

The chemically constant and truly neutral Sentry Diamond 
Block Atmosphere permits ample soaking at hardening tem- 
peratures to assure maximum hardness in all high speed or air 
hardening steels. Tools retain their initial sharp, clean-cut edges 
absolutely free from scale or decarb, with no atmosphere regu- 


lation or analysis required. 


Consistent high quality tool hardening reduces production 
costs. That’s why leading manufacturers choose Sentry Furnaces. 


Avail yourself of Sentry quality. Consult Sentry for 
free demonstration hardening on your own tools. 


= 


Visit us at Booth 150, The 39th Metal Exposition, Chicago, Nov. 4-8 


TRADEMARK 


Request CatalogY-33 + Write THE SENTRY CO., FOXBORO, MASS. 


behavior and ultimate grain size, 
was thought to be its relative sta- 
bility at temperatures in the hot 
working and annealing range. This 
relatively stable precipitate formed 
because of the tendency for man- 
ganese to saturate the solid solution 
during solidification, and because of 
its low solid solubility at working 
and annealing temperatures and 
low diffusion rate in aluminum. 

Additional observations concerned 
the effects of high-temperature pre- 
heating on the mechanical prop- 
erties. Material not given the high- 
temperature preheating treatment 
consistently exhibited slightly higher 
strength and hardness. This harden- 
ing effect appeared to be a further 
reflection of the greater amount, 
finer particle size and higher disper- 
sion of the precipitate. 

H. Y. Hunsicxer 


Measurement of Stored 
Energy of Ingot Iron 


Digest of “The Energy Stored 
in Ingot Iron Deformed by 
Torsion at 25° C., —82°C. and 
—185° C.,” by T. P. Wang and 
Norman Brown, @ Preprint No. 
53, 1957. 


T HE INCREASE in energy of a metal 
after it has been plastically de- 
formed, known as the stored energy 
of cold working, has been measured 
for many metals in the last 20 years. 
This paper describes an apparatus 
and presents results for such meas- 
urements on Armco ingot iron de- 
formed in torsion at 25, —82 and 
— 185° C. (77, —116, —301° F.). 
The apparatus was based on that 
of Quinney and Taylor (Proceedings, 
Royal Society, London, Vol. 163A, 
1937, p. 157), with some modifica- 
tions. The deformed iron specimen 
and a similar annealed specimen are 
heated at the same rate of about 
3°C. per min. by identical small 
electrical resistance heaters placed 
in axial holes drilled in the iron 
specimens. A cylindrical radiation 
shield surrounds the two specimens 
and is maintained at the same tem- 
perature as the annealed iron speci- 
men in order to prevent heat loss to 
the surroundings. A differential 
thermocouple determines the tem- 
perature difference between the 
cold worked and annealed speci- 
mens. A run consists of heating the 
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FOR CLOSE TOLERANCES— 


Crucible clicker die shapes are cold rolled for 
better finish, closer size tolerances and minimum 
decarburization. And their thinner edges require 
less grinding and filing to complete the die. 

What’s more, closely controlled electric melt- 
ing gives Crucible alloy clicker die steels maxi- 
mum toughness, combined with just the right 
hardness after heat treatment. Edges stay sharp, 
yet are easy to file. 


Does one of the basic shapes shown fit your 
exact needs? Or do you require a similar shape 
in carbon or alloy steel for this or other applica- 
tions? In either case, you'll find reliable delivery, 
and helpful service, when you order through 
your nearby Crucible Branch. Crucible Steel 
Company of America, The Oliver Building, 
Mellon Square, Pittsburgh 22, Pa. 


For shapes and details send for Clicker Die Information Sheets. 


C UJ C LE} first name in special purpose steels 


FINE FINISH 


Crucible Steel Company of America 
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DIE 
| this completed die is used to stamp out leather shoe parts , Y 


Yous bei /” 


When you need it NOW call Wheelock - Lovejoy! 
—/for Alloy Steel bars, billets, forgings 


Some jobs won’t wait for red tape. When you want 
steel in a hurry—just pick up the phone and call your 
nearest Wheelock, Lovejoy warehouse. 

Expert W-L metallurgists will help you choose the 
right stock for the job. 

Write our Cambridge office today for your free 
Wheelock, Lovejoy Data Sheets. They’ll give you com- 
plete technical information on grades, applications, 
physical properties, tests, heat treating, etc. 


Warehouse Service —Cambridge ¢ Cleveland Chicago 
Hillside, N. J. « Detroit e Buffalo e Cincinnati e In 
Canada — Sanderson-Newbould, Ltd., Montreal & Toronto. 


WHEELOCK, LOVEJOY & company, INC. 


134 Sidney Street, Cambridge 39, Mass. 


Stored Energy .. . 


specimens to approximately 650° C. 
(1200° F.) in a vacuum. 

In such an experiment, both speci- 
mens have the same temperature 
during heating (except for small in- 
strumental differences that can be 
detected by suitable calibration 
runs) until a temperature is reached 
at which the cold worked specimen 
begins to evolve heat as a result of 
some annealing process occurring 
spontaneously. The temperature of 
the cold worked specimen then rises 
1 to 5° C. above that of the already 
annealed specimen, the temperature 
rise depending on the amount of 
stored energy released. The results 
are presented as a curve of the 
measured temperature difference be- 
tween the cold worked and annealed 
specimens versus the temperature 
of the annealed specimen. 

The deformed specimens are pre- 
pared from torsion specimens 0.800 
in. in diameter with 4-in. gage sec- 
tions. The deformation is by torsion, 
ranging from 1% to 4% revolutions 
in the gage length. The mechanical 
work expended in twisting is then 
measured and a piece of each torsion 
specimen saved for microstructural 
and hardness studies to correlate 
with the energy release values. 

The stored energy is liberated in 
two stages as the specimens are 
heated. The first stage takes place 
at relatively low temperatures rang- 
ing from 200 to 500°C. (390 to 
930° F.). The second stage takes 
place at 500 to 600°C. (930 to 
1110° F.), and this stage is demon- 
strated to coincide with conventional 
recrystallization after cold working. 
The largest portion of the stored en- 
ergy is released in this second stage. 
Typical values reported are 0.15 
g-cal. evolved in the first stage and 
0.4 to 1 g-cal. in the second stage. 
These correspond to 1% and 3 to 7% 
respectively of the work required 
to deform the specimens. The en- 
ergy released during recrystalliza- 
tion is greater, the greater the 
amount of deformation at a given 
temperature and the lower the de- 
formation temperature for a given 
deformation. 

The first stage of energy release 
on heating is attributed to recovery 
processes, possibly including the 
straightening of bent dislocations, 
canceling of dislocations of opposite 
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TUBING 
AT 
WORK 


The hydraulic cylinders operating this Bock-hoe fabricate best Welded Stainless Steel Tubing formed into this packless expan- 


from Welded Carbon Steel Tubing because of good honing sion joint has served 15 years without failure at temperatures 
characteristics, uniform roundness and concentricity. to 1800°F and pressures up to 10,000 psi. 


When you need precision - strength - durability 
CHOOSE WELDED STEEL TUBING 


Carbon - Alloy - Stainless Steel 


The uniformity of Welded Steel Tubing problem is heat, pressure, corrosion or uni- 
recommends it for the most exacting appli- formity of grain structure and surface, your 
cations. When you need close fit, precise best answer again is Welded Tubing. For 
cross section and rugged durability your all tubing applications, consult a quality 
best answer is Welded Tubing. If your tubing producer. 


bas 
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Design inspiration for you 


The 260-page Handbook of Welded Steel Tubing con- 
tains inspiration and data for tubing designs. For your 
copy, write on your company letterhead, giving your title. 


FORMED STEEL TUBE INSTITUTE 
850 HANNA BUILDING + CLEVELAND, OHIO 
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HIGH FREQUENCY 


nduction - 


77 The Lepel line of induction 
heating equipment represents the 
most advanced thought in the field of 
electronics as well as the most practical and — 
efficient source of heat yet developed for industrial 
heating. 
If you are interested in induction heating you are invited to 
send samples of the work with specifications. Our engineers will process 
and return the completed job with full data and recommendations without any 
cost or obligations. 


TYPICAL INDUCTION HEATING APPLICATIONS 


HARDENING 
DIESEL FUEL INJECTOR 


REMOVING 
RUBBER FROM STEEL 


Restriction of heat to end @ 
of holder body for fuel @ 
injector permits hardening » 
of face to provide required @ 
resistance to deformation @ 
without hardening the @ 
threads. Coil design shown @ 
provides uniform tem- @ 
perature for hardening @ 
despite holes in face. 


ii 


Induction heating devel- 
ops uniform temperature 
at steel-rubber interface 
destroying bond for easy 
separation. Steel and rub- 
ber moy similarly be sal- 
vaged from mounting 
brackets, shock absorbers, 
etc. 


©0000000000060000000 


SOLDERING TRANSISTOR ASSEMBLIES 


Concentrator-type coil creates high intensity, 


restricted heating at joint of nickel shell and, 


tinned glass, thus causing solder flow for 
permanent seol. 


Electronic Tube Generators from 1 kw to 100 kw. 
Spark Gap Converters from 2 kw to 30 kw. 


WRITE FOR THE NEW LEPEL CATALOG .. . 36 illustrated pages packed 
with valuable information. 
All Lepel equipment is certified 
to comply with the requirements 


- of the Federal Communications 
= Commission. 


LEPEL HIGH FREQUENCY LABORATORIES, INC. 


55th STREET and 37th AVENUE, WOODSIDE 77, NEW YORK CITY, N. Y 


Stored Energy . . . 


sign, and annihilation of vacancies 
produced by plastic deformation. 
Absolute values of stored energy 
are subject to considerable experi- 
mental uncertainty, but the accuracy 
of the values reported is not men- 
tioned. With the present method, 
heat interchange must take place be- 
tween the deformed specimen and 
the radiation shield, since the shield 
is maintained at the (lower) tem- 
perature of the annealed specimen. 
The simple method of calculating 
the heat evolved implies an ideal 
behavior of the temperature dif- 
ference curves that is not observed, 
particularly at the first stage of heat 
evolution. The calculated values of 
stored energy released must be re- 
garded as good approximations at 
best. Davin A. THomas 


Transition Temperature 
for Brittle Fracture of 
Chromium Alloys 


Digest of “Brittle to Ductile 
Transition Temperatures of Bi- 
nary Chromium-Base Alloys’, 
by E. P. Abrahamson, II and 
ae . Grant, @ Preprint No. 14, 


HROMIUM-BASE ALLOYS are at- 

tractive high-temperature mate- 
rials from an oxidation standpoint. 
However, the lack of room-tempera- 
ture ductility eliminates much of 
their usefulness for high-temperature 
applications. Small amounts of ultra- 
pure chromium have been produced 
that showed promise of good room- 
temperature ductility. Addition of 
several alloying elements has so far 
only served to raise the transition 
temperature. 

Now the authors have extended 
the study of the effect of binary ad- 
dition on the transition temperature 
of chromium-base alloys to 21 dif- 
ferent elements and up to 30% by 
weight of these elements. They 
found that all systems showed an 
initial increase in the transition tem- 
perature with the addition of the 
second element. This increase soon 
reaches a maximum and further 
alloy addition causes a decrease in 
the transition temperature. The de- 
crease may be more or less pro- 
nounced but in some compositions, 
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OU don’t have to use an expensive high alloy steel 
for gas turbine or other parts that operate up to 
1000° and 1100° F. You can use “17-22-A” steels made 
by the Timken Company—/ow alloy steels—to do the 
same jobs. They give high alloy performance, save 
critical alloys, cut costs. They contain less than 3% 
alloy, yet they give maximum strength up to 1000° 
and 1100° F. 
You get more advantages. “17-22-A” steels resist 
heat checking and thermal cracking. They are readily 
workable up to 2300° F. They are easily machined and 


How to save on critical alloys and 


still get high alloy turbine performance 


USE “17=22-A” STEELS 


Contain less than 3% alloy... give maximum 
strength to 1000° and 1100°F 


welded. And maximum high temperature properties 
can be developed by normalizing and tempering, 
minimizing the possibility of distortion and quench 
cracking. 

Send for complete information on “17-22-A” (S) 
steel, and its companion analysis, ““17-22-A” (V), 
recommended for temperatures up to 1100° F. Ask for 
Technical Bulletin 36A. And call upon our technical 
staff for help with your high temperature steel prob- 
lems. The Timken Roller Bearing Company, Steel and 
Tube Division, Canton 6, Ohio. Cable: ““TIMROSCO”. 


RUPTURE CHARACTERISTICS “I7-22-A" STEEL 


"I7-22-A"S -1000° F 


= 1100°F 


8s #333 88 


STRESS, 1000 PS! 


lo 40 100 


TIME FOR RUPTURE, HOURS 


Stress-rupture curves show strength of ““17-22-A” (S) at 1000° F and“17-22-A” (V) at 1100° F. 


400 1000 4000 


TIMK 


TRADE-MARK REG. U PAT. OFF 


SPECIALISTS IN FINE ALLOY STEELS, GRAPHITIC TOOL STEELS AND SEAMLESS STEEL TUBING 
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"FABRICATED ALLOYS 


in these “LONG JOHN’ Muttie 


Even Rolock's welded-fabrication experts consider these 32-foot 
Inconel muffle tubes an exacting test of skill. The inset sketch shows 
how they are made, and the dimensions . . . 32 feet long by only 
5% inches O.A. width and 1 inch inside height . . . leave little room 
for any inaccuracy. These muffles . . . used for continuous bright 
annealing of steel strip . . . just have to be straight and true when 
installed, and stay that way in service. 


We produce these muffle tubes ‘by the dozen”’ for use by the 
steel strip mills in gas-fired furnaces. Upper and lower sections are 
assembled separately with diagonal joints welded inside and out. 
The full length sections are then edge-welded together. Tight speci- 
fications call for no weld-splatter on the inside, and each tube is 
pressure-tested to 25 lbs. p.s.i. before shipment. This is another exam- 
ple of Rolock service to key industries in building and designing 
many forms of special equipment that modern production processes 
call for. 


If you have a problem in welded-fabrication of high heat and 


corrosion-resistant alloys, it will pay you to consult Rolock .. . the 
nationally recognized specialists in this field. 


SALES & SERVICE FROM COAST TO COAST 


ROLOCK INC., 1222 KINGS HIGHWAY, FAIRFIELD, CONNECTICUT 


JOB-ENGINEERED for better work ummm 


Easier Operation, Lower Cost 


Brittleness of Cr... 


particularly in the Cr-Pd system, the 
transition temperature is below that 
of the hydrogen-purified electrolytic 
chromium used as base metal. 

The increase in transition tem- 
perature due to impurities in the 
base metal appears to be additive to 
the increase due to the second ele- 
ment. Two series of Cr-Pd alloys 
were tested and curves were plotted 
of transition temperatures versus 
atomic percent alloying element. 
The two curves parallel each other 
by a distance that equals the transi- 
tion temperature difference of the 
two melts of the base metals. It 
thus appears that alloys ductile at 
room temperature can be achieved 
if the transition temperature of the 
starting materials is sufficiently low. 
Such alloys may fall into the 60 to 
90% Cr range. 

Some series of tests exhibited no 
maximum in transition temperature 
and therefore no decrease. This 
was true in all systems that form 
a continuous brittle intermetallic 
phase. . 

In order to study these inherently 
brittle materials, specimens had to 
be used in the as-cast condition, 
which is the most unfavorable con- 
dition for ductility evaluation. All 
alloys were melted in a_ purified 
argon atmosphere in a water-cooled 
copper crucible using a tungsten 
electrode. 100-gram buttons were 
vacuum extracted into a %-in. diam- 
eter quartz tube. These rods, with 
relatively fine and uniform grain 
size, were then electropolished to 
remove the thin outer layer of silicon 
contamination which would other- 
wise increase the transition tempera- 
ture several hundred degrees. Speci- 
mens were slow bend tested over a 
l-in. span in an apparatus capable 
of reaching 2200° F. The tempera- 
ture which allows a 65° bend angle 
was arbitrarily chosen as transition 
temperature and was plotted against 
atomic percentage of solute atoms. 
Some of the binary systems repre- 
sented by such curves are Cr-Co, 
Cr-Ni, Cr-Mn, Cr-Fe, Cr-Pt, Cr-Pd, 
Cr-Re, Cr-Ru, Cr-Rh, Cr-Ir, many 
of which are carried to nearly 
30 at. % of alloying content. 

In a search for a general explana- 
tion the authors conclude that the 
configuration of the bonding electron 
of the solute element is the govern- 
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ROLLS OUTLAST 
OTHERS! 


Talide rolls have proven far superior 
to both steel rolls and carbide rolls of 
any other make. 

During the last five years Talide rolls 
have been adopted by every major strip 
steel producer. Metal Carbides pioneered 
and developed tungsten carbide rolls 
and successfully adapted them to all 
types of rolling mills including STECKEL, 
BLISS, UNITED, MESTA, STANAT, 
SENDZIMIR, WATERBURY-FARREL, 
TORRINGTON, RUESCH, FENN, WEAN, 
COLD METAL, etc. 

Talide work rolls are ultra-hard, ex- 
tremely dense and porous-free. Manu- 
factured from highest purity tungsten 
carbide powders, the surface finish of 
a Talide roll is smoother than one micro- 
inch. Hard as a diamond, it will take 
a “bigger bite” than a steel roll. Strip 
steel of all analyses can be rolled down 
to thinner gauge, with more accuracy, 
greater reductions and with fewer an- 
neals than possible with any other roll. 


ONLY TALIDE WORK ROLLS 
GUARANTEE THESE 
ADVANTAGES 
MORE PRODUCTION 
BETTER FINISH 
xe LONGER LIFE 
HIGHER SPEEDS 
CLOSER TOLERANCE 
IMPROVED PHYSICALS 
GREATER REDUCTION 
%& LESS DOWN TIME 
7 years’ service life x FEWER REJECTS 
on 2-4 LESS MAINTENANCE 


EXCLUSIVE REPAIR SERVICE SUPERSET GRINDING WHEEL 


_ The Superset diamond grinding wheel was spe- 
qperort \ cially developed for grinding carbide rolls to 
highest possible surface finish and luster. Made 


of 4-8 micron size diamond dust, it imparts a 

surface finisa far superior to any other commer- 
— 4 AFTER cial wheel. Available in sizes up to 25” diameter 

IDES POR 

Broken or damaged carbide rolls can be 
re-worked to first class condition with all Lk > 
defects eliminated at one-half original cost. a ® 
Only Metal Carbides offers this service— | A L i D E 


because of its exclusive hot press method. 


Talide Rolls are made in lengths up to 100", di- ¥o 
ameters up to 25", and up to 5000 Ibs. by weight. 06 AEE 


Metal Carbides Corporation, 
Youngstown 12, Ohio. 


Send for new 76-page catalog 56-G 
-OCTOBER 1957 


| 
p 
82 
G2 
. 
| ‘ | 


QUARTER MILLION 


“STEPS” 


IN THE 


RIGHT 


DIRECTION .. 


Today's Modern Miner does BETTER 
with UNITCASTINGS|! 


Real proof of the continuous high quality of Unitcastings is 
the fact that more than 99 percent of the total production of 
250,000 treads has been accepted! 


Continual o tion in underground grit and dust subjects 
minin; alder treads to extreme abuse. Replacement is 
difficult and expensive, particularly on this section of the 
equipment, and parts must be made to last! 


For over a decade, the abrasion-resistance quality of Unit- 
cast’s T-Loy 34 has answered this tread problem—as well as 
many other special parts for the same equipment. 


Take a step in the right direction, too—you’'ll do better with 
Unitcastings! They’re Engineered! 


UNITCAST CORPORATION + Toledo 9, Ohio 
In Canada: CANADIAN-UNITCAST STEEL, LTD., Sherbrooke, Quebec 


Brittleness of Cr... 


ing factor. This applies to intersti- 
tial as well as to substitutional alloy- 
ing additions. The solvent-solvent, 
solvent-solute and solute-solute force 
fields are discussed, from which 
emerges the postulate that the tran- 
sition temperature is that tempera- 
ture at which the interaction force 
field is sufficiently weakened to allow 
deformation to take place. Atomic 
size was considered and found to 
have no effect on the transition tem- 
perature behavior; neither did the 
total number of electrons per atom, 
nor the position of the atoms in the 
body-centered cubic lattice. It is 
hoped that this type of experiment 
and analysis will be extended to 
other body-centered cubic metals 
and their alloys to prove the gen- 
erality of the conclusions. 

F. Forscuer 


A New Titanium 
Sheet Alloy 


Digest of “Evaluation of a 
New Titanium-Base Sheet Alloy, 
Ti-4Al-3Mo-1V”, by R. S. Rich- 
ards, D. L. Day, and H. D. Kess- 
ler, @ Preprint No. 45, 1957. 


A TITANIUM-BASE ALLOY was eval- 

uated on the basis of annealed, 
solution treated, and solution treated 
and aged properties. It possessed 
ultimate tensile strength of 170,000 
to 180,000 psi. at room temperature 
and possessed good strength and 
stability under stress in the heat 
treated condition up to temperatures 
of 800° F. 

Based on previous experience, the 
nominal composition of Ti-4Al- 
3Mo-1V was given an extensive 
evaluation by performing _ stress- 
stability tests, cold rolling, welding, 
and actual forming of parts in the 
solution treated condition. 

The testing program revealed the 
optimum solution temperature to be 
1550 to 1650° F. to give a solution 
treated sheet with 140,000 psi. ulti- 
mate tensile strength, 85,000 psi. 
yield strength, 13 to 18% total elonga- 
tion, 8 to 11% uniform elongation 
and 2.5 to 3.0 T bend radius. Aging 
at 900° F. for 24 hr. gave a mate- 
rial with 195,000 psi. ultimate 
strength, 165,000 psi. yield strength, 
and 6 to 10% elongation. 
(Continued on p. 216) 
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Teamed up to 


lick a tough job 
ECONOMICALLY! 


and pre-hardened 


ISCOUNT 


Die Casting Die Steels 


Rack for assem- 
bling electronic parts 
(approximately 2 feet 
long by 1 foot wide and 
weighing 2.05 pounds) produced 
for Northrop Aircraft, Inc., North- 
rop Div., Hawthorne, Calif. 


Harvill Corp., Los Angeles, Calif. 
had to produce this part DEAD 
FLAT at a minimum cost... 


The problem of producing this die casting die at a 
minimum cost was a natural for Latrobe’s VDC and 
Viscount 44 die casting die steels. 


The die parts, not affecting the critical flatness, 
were made of Latrobe’s VDC die casting die steel, 
an air-hardening, 5% chromium die steel possessing 
excellent machinability and superior resistance to 
wash and heat checking. For the die parts demanding 
dead flatness, the use of Latrobe’s Geecuel 44 pre- 
hardened die casting die steel eliminated all possi- 
bilities of warpage from heat treatment and subse- 
quent costly grinding time to correct warpage. Die 
surfaces were machined to exact size! Heat treat 
was eliminated! 


Latrobe’s Viscount 44 is an air hardening, 5% chromium die steel containing 1% 
vanadium that imparts excellent physical properties for hot work applications. Fur- 
nished prehardened, in a range of Rockwell C 42-46, Viscount 44 is practical to 
machine in its prehardened form as a result of the alloy sulphides it contains. Years 
of experience in the production of DESEGATIZED® steels have made it ible 
for Latrobe to uniformly distribute these free-machining sulphide additives ugh- 
out Viscount 44. 


Use Viscount 44 for your next critical L AT O 

die casting application. Your nearest 

Latrobe representative will be pleased 

to give you complete deta ...and 

available for T E E L Cc O M PA N Y 
_ immediate delivery. ; Main Office and Plant: Latrobe, Pa. 
Branch Offices and Warehouses Located in Principal Cities 
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Three more nationally known 

manufacturers select Mueller Brass Co. 

Forgeable Bearing Alloys for vital 
components of their products 


In ever-increasing numbers, Mueller Brass Co. specialized alloys are being specified by manufacturers of top- 
quality products. In a series of continuing advertisements, we have presented case histories of successful applica- 
tions, to which we now add three more distinguished companies who are incorporating Mueller Brass Co. 
forgeable bearing alloys in their products to meet the demands of widely divergent operating conditions. 


U. S. Instrument Corporation, Charlottesville, Va., selected 
abrasive-resistant Mueller bronze alloy bushings for their 
remarkable telephone selector switches after exhaustive 
tests of many materials. A vital communications link on 
today's U. S. Naval vessels, these sound-powered telephone 
circuits must meet rigid Novy performance-stondards. 
Such phones, for example, must have selector switches which 
are capable of rotating for a minimum of 50,000 torturous 
cycles . . . 360° clockwise, followed by 360° counter- 
clockwise. In addition, the “O" ring must still form a water- 
tight seal AT THE END OF THE TEST! Of the many tested, 
a Mueller Brass Co. special manganese bronze alloy was 
the best one meeting these rigid specifications. 


There were other important reasons why these bushings 
were chosen by U. S. Instrument Corporation for this 


MUELLER BRASS CO. 


U. S. INSTRUMENT 
CORPORATION 


application. Resistance to abrasive action against the 
rubber “O”" ring was a prime one . . . then, too, the stem 
assembly suffered severe pounding through the action of 
the indexing mechanism which, prior to the use of the Mueller 
Brass Co. alloy, caused repeated seizure of the component 
parts. In this particular application, the part was fabricated 
on an automatic screw machine rather than produced as a 
forging. The versatility of Mueller Brass Co. alloys makes 
them readily adaptable to the most economical method of 
fabrication dependent upon the size, shape, and end-use 
requirements of the part. 


In commenting on the success of this part, U. S. Instrument 
Corporation praised the alloy for its tensile strength 
(ordinary brasses could not withstand the 2000 ft. Ib. 
impacts without deformation), for its machinability and 
corrosion-resistance. 
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HARLEY-DAVIDSON 
MOTOR CO. 


Harley-Davidson motorcycles (made in Milwaukee, Wis- 

consin) have, since 1903, enjoyed a world famous reputa- 

tion for economical, reliable transportation. These versatile 

machines are ideally suited for pleasure, for commercial or 

business use, as well as the grueling demands of law en- employs Mueller Brass Co. bronze alloy forgings in the form 
forcement work. Harley-Davidsons boast a dependable of rocker-arm bearing caps. Subjected to violent temper- 
engine . . . one which can roll up an astounding mileage ature changes, fast starts and stops and road shock, Mueller 
record with little or no care. The painstaking selection of forgings ore proving again and again that they have the 
every engine component is one important reason for this ability necessary to withstand almost any punishment . . . 
reliability. The new twin-cylinder Harley-Davidson 74 OHV and still provide unfailing service. 


JACOBSEN MFG. CO. 


Jacobsen Mfg. Co., Racine, Wisconsin, was among the first to produce a 
practical power mower for home use. That was more than 35 years ago! 
Today, Jacobsen power-mower dependability is evident itself in more than 
a dozen gleaming new models such as the popular Pacer, Lawn Queen, 
Manor and others. One of the most reliable components in the always 
dependable Jacobsen hi-torque engine is a Mueller Brass Co. connecting 
rod forged from special bronze alloy. Jacobsen mowers with Mueller-forged 
connecting rods are called upon by some commercial users to operate as 
much as 8 hours daily, 6 days a week... perhaps as much as 2000 hours 
a year. In searing summer temperatures, thru hours of constant operation, the 
high uniform strength of Mueller bronze forgings constantly withstands 
pounding and vibration with the same conspicuous success as in its many 
other applications. 


@ WRITE TODAY FOR THE 
ENGINEERING MANUAL YOU NEED 

Mueller Brass Co. Forgings 
Why not investigate these specialized alloys for your own Engineering ppc H-58565 
products. We welcome your inquiries. Our engineering staff 
will be happy to make specific recommendations. Both on Tuf Stuf Aluminum Bronze Alloys 
the proper alloy and the best method of fabrication to Engineering Monval H-58563 
meet your needs . . . exactly. Our gi ering | “600” Series Bearing Alloys 
show many, many examples of how American manufacturers Engineering Manual FM-3000 
have used these alloys to great advantage. 


Copper Base Alloys in Rod Form 
Engineering Monval FM-3010 
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Titanium Alloy .. . 


The elevated-temperature tensile 
properties of the fully heat treated 
sheet .indicated a smooth decrease 
in all values until at 800° F. an 
ultimate tensile strength of 130,000 
psi., a yield strength of 90,000 psi. 
and an elongation of 7% were 
reached. 

Stress stability tests indicated that 
for a sheet solution heat treated at 
1550° F. and aged 12 hr. at 900° F., 
the total plastic deformation in 1000 
hr. at 800° F. and 50,000 psi. stress 
averaged 1.2%. This indicated that 
the material possessed good creep 
resistance along with good stability. 
Tests on fully heat treated specimens 
(24 hr. aging at 900° F.) indicated 


that for 300 hr. at 800° F. under a 
stress of 50,000 psi., the total defor- 
mation was 0.15%. 

Limited formability tests on larger 
solution treated sheets showed that 
the material bent satisfactorily at 
room temperature around a radius 
of 4.0T and that it could subse- 
quently be stretch wrapped and 
joggled at room temperature with 
encouraging results. 

Inert-arc welds were made and at 
first appeared to be bright, shiny, 
sound and nonporous: however, 
pickling and testing revealed voids 
or pores at the edge of the fusion 
zone. Practically all tensile and 
bend tests failed at the edge of the 
fused zone, and porosity was evident 
in all such failures. The hardness of 
the weld metal was approximately 


YOU'LL 
SEE 
THE 


SHOW! 


operation 
at 
BOOTH 220 


38th Notional Metal 
Exposition and Congress 


NOV. 4-8, 1957 


International Amphitheatre } 
Chicago, Ill. 


30 diamond pyramid numbers higher 
than that of the base metal. Al- 
though the comparison of weld data 
is questionable due to the porosity, 
the weld metal strength approaches 
that of the base material and quite 
possibly would exceed it if the 
porosity could be eliminated. In 
general the Ti-4A1-3Mo-1V sheet is 
not readily weldable using present 
fusion welding techniques. 
D. L. McEtroy 


Strain Hardening of 


Austenitic 
Stainless Steel 


Digest of “Strain Hardening 
of Austenitic Stainless Steel’’, 
by G. W. Powell, E. R. Marshall 
and W. A. Backofen, @ Preprint 
No. 10, 1957. 


JT #45 BEEN known for many years 

that steels which are austenitic at 
room temperature may be partially 
or wholly transformed to marten- 
site if they are strained sufficiently 
at low temperatures. The degree to 
which the austenite must be strained 
before the transformation occurs de- 
pends on the composition of the steel 
and on the temperature at which 
the straining takes place. 

In this paper the authors consider 
two other factors, namely, the 
method of straining, whether it is by 
tension, compression, or torsion; and 
the rate of straining. 

Stainless Types 301 and 302 were 
selected for this investigation. The 
M, temperature of the 301 steel was 
between —49 and —85° F., where- 
as that of 302 was below —441° F. 
Straining was produced by tension, 
compression, and torsion at tempera- 


Spray Painting With Air Airless tures from 68° F. down to —320° F., 


and the straining rates used were 
This new spray painting process (without air) will 
minimize your over-spray problems, reduce health 
and fire hazards, cut maintenance and clean-up 
costs, save paint, tire and labor as well as reduce 
your auxiliary painting equipment requirements. 


Over and above these advantages...a Better 
Finished Product is the final result. See it at the 
show. 


for 
Airless 
Spray |_| 
Painting 
brochure. 


BEDE PropucTs CORPORATION 


“AIRLESS SPRAY COATING EQUIPMENT AND PAINT HEATERS 


Ih Cancdo: 864 Pape Ave, 


Toronto, Ontario 


| 

SPRAY COATING 

it * Spray Painting Without Air in A 

Le 
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it's easy Ow 
to recognize 


superior quality 


brass and 
aluminum 
bearing this mew trademark identification 


made better 
2 beng oud The 
you 


MANUFACTURIN G COMPANY 
MILL PRODUCTS DIVISION 
99 MILL ST.. WATERBURY 20, CONN. 
PHONE PLAZA 4-1171 
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to this 


standard 


SCOVILL BRASS STRIP and SHEET 


; Cold-rolled from inherently SOUND and UNIFORM bar castings produced by the un:que 


Scovill-engineered FLAT-METAL CONTINUOUS CASTING process, assuring fabricators dependable uniformity 
in alloy composition, temper and grain size . . . freedom from internal or mechanical defects . . . in the industry's 
longest weld-free coils when needed . . . with rapid deliveries from fast production cycles. These and many other 
Scovill PLUS VALUES. including new modern packaging, are designed to 


Scovill Manufacturing Company, Mill Products Division, 99 Mill Street. Waterbury 20, Connecticut. Phone Plaza 4-117] 


ves | 
Gung owe your 
a 4 


in use heating small parts for forging. 


This Salem-Brosius rotary furnace 


Cutaway detail of a nine-foot diameter 
Salem-Brosius rotary hearth furnace now 


in your forge shop saves you money 


Companies producing parts for aircraft, automobiles, 
farm machinery, home appliances and a host of other 
products find the most economical and efficient fur- 
nace they can use to heat parts for production forging 
is the rotary type shown here. Burners are tangen- 
tially placed, and the heat is accurately controlled 
and uniformly distributed throughout the furnace 
chamber. The speed of rotation may be varied and is 


precisely set to the need of the product. 

There is no practical forge heating method known 
that can equal the high production, low maintenance, 
low fuel cost, and uniformity of product heating 
of these specially designed rotary hearths. Salem- 
Brosius has designed and built more rotary hearth 
furnaces than any other company in the world. Write 
to us for further information. 


SPECIAL MECHANICAL EQUIPMENT + INDUSTRIAL 


In Canada: Salem Engineering tiene’ ® 1525 Bloor Street West, Toronto 9, Ontario 


SATING FURNACES 


MATERIALS HANDLING EQUIPMEN 


|. | UG 
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ONLY STEEL... 
can provide the basic structural strength to withstand the tre- 


mendous stresses, strains, and loads of a modern “bay-spanning” 
bridge! 


ONLY STEEL... 


can do the job where the prerequisite quality in an abrasive calls 
for steel’s hardness, toughness, and strength. 


“TRU-STEEL” is TRUE STEEL 


The original high carbon, fully heat-treated steel shot of tool steel 
quality. TRU-STEEL is solid, hard, and tough— TRUE STEEL in 
Chemistry, Characteristics and Performance. 


Write for full information on TRU-STEEL 
and what it can do for YOU 
in YOUR cleaning operation! 


TRU-STEEL SHOT 


STEEL SHOT PRODUCERS, INC. 


Sold by Pangborn Corporation, and by leading 
distributors of foundry supplies from coast to coast 


Strain Hardening . . . 


between 0.006 and 0.6 in. per in. per 
min. Some tests were also made at 
the extremely low temperature of 
—44]°9 F, 

The progress of the martensite 
transformation was determined by 
precise density measurements. After 
the test piece had been strained by 
either tension, compression, or tor- 
sion, a specimen was machined from 
the gage section of the test piece and 
its density was measured. The 
amount of martensite produced dur- 
ing the straining was calculated 
from the density value. 

Curves are presented showing 
stress plotted against true strain for 
the two steels as affected by the va- 
rious temperatures of straining and 
the various straining rates. Under 
test conditions which produce no 
transformation, as in the testing of 
Type 302 at room temperature, the 
stress-strain curve has the conven- 
tional parabolic form. When trans- 
formation does occur, there is a 
rapid rise in stress for the first small 
increases in strain, and then a more 
gradual increase in stress as the 
amount of strain increases. 

At the extremely low temperature 
of —441° F., both Types 301 and 
304 exhibited a discontinuous stress- 
strain curve in the part of the curve 
beyond the yield stress. The ser- 
rated curve produced when these 
steels were strained at this very low 
temperature is attributed to suc- 
cessive steps of instantaneous soft- 
ening caused by the heat of trans- 
formation, followed by hardening 
steps. During this kind of strain- 
ing the test piece necks down in 
several spots within the gage section. 

The effect of strain rate on the 
martensitic transformation was not 
consistent. At 68°F., martensite 
formation increased with increase of 
strain rate from 0.006 to 0.060 in. 
per in. per min. but at faster strain 
rates, the rate of martensite transfor- 
mation decreased. This decrease in 
martensite formation with increase 
of strain rate is attributed to a tem- 
perature effect produced by the 
rapid rate of straining. 

The type of strain was found to af- 
fect the transformation to some de- 
gree. Tension was more effective 
than either compression or torsion in 
producing martensite from unstable 
austenite. P. Payson 
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Speed! Of all structural metals, Magnesium costs less to machine 


In the picture above, a lathe is making a roughing cut of 
0.800” in an eight inch magnesium billet. The feed is 0.030 
inches per revolution at a speed of 630 feet per minute. In 
finishing operations, cuts of 0.500" can be made with a feed 
of 0.003 ipr and a speed of 5,000 fpm. 


That’s real speed and efficiency—the kind you can always 
expect when you machine magnesium. This remarkable 
metal can be milled, drilled, sawed, reamed, bored, planed, 
tapped and threaded faster than any other structural metal! 


Faster machining means easier machining and lower cost 
machining. It means more production per hour and per 
dollar, and longer tool life. 


The following table shows how well magnesium compares 
to the others: 


METAL RELATIVE MACHINABILITY 
magnesium 1.0 
cast aluminum 1.8 
brass 2.3 
cast iron 3.5 
rolled aluminum 5.0 
mild steel 6.5 


Let us give you more information about the machinability of 
magnesium. Contact the nearest Dow sales office or write to 
THE DOW CHEMICAL COMPANY, Magnesium Department 
Midland, Michigan, Dept. MA 14040. 


YOU CAN DEPEND ON 
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Which Sintering Furnace 


Do You 
Need? 


RESEARCH ? 


Harper Globar Tubular Ele- 
ment Furnaces are perfect 
for sintering research, with 
uniform heat up to 3000°F. 
Fast heat-up, suitable for 
many atmospheres, low in 
cost. 


PILOT 
PRODUCTION ? 


Inexpensive Controlled- 
Atmosphere Straight- 
Through Pusher Furnaces, 
with entrance tunnel and 
water-cooled cooling cham- 
bers, are the ideal answer 
for a pilot-scale project on 
powdered metal parts. Tem- 
ratures up to 2100° F. 
odels available for batch, 

1 t tic pusher 
operation. Wide size range. 


QUANTITY 
PRODUCTION ? 


Harper Continuous Con- 
veyor Belt and Pusher Sin- 
tering Furnaces are designed 
for large production. Beit 
Furnaces offer automatic 
uniform sintering of light 
weight parts at temperatures 
up to 2100° F. Pusher Fur- 
maces can take heavy parts 
and permit operation to 
2300° F. Both types have 
zone temperature control. 
Standard designs available 
for stainless steel work. 


SPECIALTY 
SINTERING ? 


Other types of electric fur- 
maces are also available for 
high temperature sintering 
of ferrites, carbides, tung- 
sten contact points, heavy 
metals, and uranium oxide 
fuel pellets. 


Whatever your sintering problem may be, give Harper engineers 
an opportunity to work with you. 


Vacuum Melting . . . 


(Continued from p. 138) 

For instance, boron as B.O, is 
contained in the magnesia in suffi- 
cient quantities to cause a significant 
quantity of boron in the final prod- 
uct. In fact, a patch in a lining 
will contribute as much as 5 to 10 
ppm. to the ingot, and this quantity 
has a significant effect on the prop- 
erties of the metal. So it is becom- 
ing necessary to pay particular 
attention to the little things. 

A rather thorough study has been 
made by the vacuum melting indus- 
try of the specific effects of the boron 
and zirconium which inadvertently 
enter the metal. Fortunately both 
of these materials (within limits) 
improve the rupture ductility and 
probably the rupture strength of the 
nickel-base alloys currently being 
used. For example a stress-rupture 
test on Udimet-500 (at 1650° F. 
and 25,000 psi.) will show reduc- 
tion of area of 6 to 10% if boron- 
free, but this range rises proportion- 
ately with boron content to 14 to 
18% at 22 ppm. boron. These same 
small quantities improve the work- 
ability of the ingots because of 
the improved hot ductility. Higher 
quantities cause considerable diffi- 
culty in fabrication, so close control 
is necessary. 


Conclusion 


In such a short paper as this, little 
more can be presented than some 
data on recent progress and indica- 
tions of future trends. The utiliza- 
tion of very high vacuums during 
the entire process (most especially 
in tight furnaces with low leakage ) 
has undoubtedly improved the 
qualities of “superalloys” necessary 
for gas turbine parts. Continuous 
analyses of the gases remaining in 
the furnace can determine the prog- 
ress of the reactions and govern the 
time for adding the highly reactive 
final additions, so they alloy with 
the metal rather than form non- 
metallic inclusions with any remain- 
ing gas. Scrap metal is likely to 
contain undesirable elements, and 
usually takes so much longer to 
degasify that it is usually poor eco- 
nomics to use it in a melt intended 
for severest services. The crucibles 
also may contribute undesirable ele- 
ments, although for certain classes 
of alloys, a few parts per million of 
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ie Technical Digest on Commercial-Grade Zirconium. 


Folder on Reactor-Grade Zirconium. 


Columbia-National Corporation 
Jointly Columbia-Southern Chemical Corporation 


essen National Research Corporation. 


DEPT.C-3C. 70 MEMORIAL DRIVE 
CAMBRIDGE 42, MASSACHUSETTS 
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Columbia-National 


Up-to-date information about commer- 
cial-grade zirconium is summarized in a 
new, easy-to-use booklet. 


Featuring: 


established and suggested uses 
corrosion resistance data 

physical and mechanica! properties 
fabrication techniques 
Columbia-National technical service 


Send 
for your copy 
now! 


The coupon at the top puts your a a ae 
name on our mailing list to receive future cori 


bulletins. A folder on reactor-grade zir- 


conium is also available. a 
nie AL, 
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In parts like these 
KENNAMETAL K501 


EQUALS the Noble Metals in 
Corrosion Resistance... 


BETTERS them in Economy 
and Resistance to Wear! 


In the chemical field, and also in the 
food, paint, petroleum, oil refining, 
paper and atomic energy industries, 
equipment components like the ones 
shown above are often exposed to 
extremely severe corrosion. 
When—as often happens—the 
corrosive attack is complicated by 
excessive wear conditions, and when 
contamination of the batches han- 
dled must be avoided, the designer 
and plant engineer have a real prob- 
lem in materials selections. 
Kennametal K501 has proven 
itself an extremely effective and eco- 
nomical answer, as it combines a 
high degree of corrosion resistance 
with unusual wear resistance, that 
eliminates frequent replacement, 
and greatly reduces contamination. 
Laboratory tests show no measur- 
able weight loss of a K501 sample 
after five days in boiling 5% HNO; 


*Trademark of a series of hard carbide alloys of 
tungsten, tungsten-titanium and tantalum. 


and 5% H2SO.. Loss was only 
74/mg/dm/day in boiling 5% HCl. 

Hardness, RA is 91.0 minimum; 
transverserupture strength is 125,000 
psi minimum; and, density is 15.10 
minimum. The material can be 
formed from powders to very close 
tolerances, and then ground to fin- 
ishes that have proved adequate in 
seal applications demanding a flat- 
ness of two light bands, and a surface 
roughness of about one micro- 
inch rmp. 

If you have use for valve parts, 
balls and seats, guides, wear rails, 
slitting and cutting parts, non-lubri- 
cated guides and bushings, metering 
orifices, sealing rings, in applica- 
tions where corrosion and wear are 
problems, ask for full information 
about Kennametal’s K501. Just 
write: KENNAMETAL INc., Dept. CE, 
Latrobe, Pennsylvania. 


Vacuum Melting . . . 


boron (a common contaminate) 
does more good than harm. 
Progressive improvements in the 
quality of high-temperature alloys, 
so notable in the last five years, is 
by no means exhausted. Many new 
alloys will appear in the next few 
years to continue the trends already 
established. S 


Nondestructive Tests .. . 
(Continued from p. 144) 


liquid or sheet) is bonded to a re- 
flective surface of the stressed part; 
polarized light is reflected from the 
coated surface to a reflection polari- 
scope instead of passing through a 
plastic model. Seven types of porta- 
ble reflection polarizers (“photo- 
stress meters”) are available. 
Applicable plastics are produced 
in liquid form or in sheets; these 
differ materially in their charac- 
teristics. The surface to which they 
are bonded must be clean and reflec- 
tive. Sheets may be clear or metal- 
lized on one face; they must be uni- 
form in thickness, free from internal 
stress, and of uniform strain-optical 
properties. Liquid plastics are ap- 
plied to clean (polished) surfaces in 
successive layers by brushing and 
heating to harden until desired thick- 
ness is obtained. Sheets are pre- 
ferred because they are of more uni- 
form thickness than a_brushed-on 
coating, and can be bonded to the 
surface at room temperature. How- 
ever the liquid is very handy for 
small parts, closely spaced rivets, 
fillets, or recesses of small radii. 
Rigidity of the work piece will deter- 
mine the thickness of the plastic 
coating needed; greater thickness 
will increase the sensitivity of the 
measurements up to a certain point. 
This striking technique should be 
of great advantage to design engi- 
neers for both static and dynamic 
parts and structures. The strains 
may be recorded on film for detailed 
study. There are, of course, some 
limitations: The method cannot be 
used on locations inaccessible to 
light. Temperature variations dur- 
ing testing affect the results, since 
the strain-optical constants of the 
plastics change outside a fairly nar- 
row temperature range (45 to 80° F.). 
(Continued on p. 224) 
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PROVEN DESIGN — The completely new AGF “Twin- 
Hearth” Shaker Furnace incorporates the proven and 
accepted design and construction features of standard 
AGF Shaker Hearths manufactured since 1921. 


THE DIFFERENCE IS IN THE “TWIN-HEARTHS” — (each 
has an individually controlled drive) which permits heat 
treating two different types of parts requiring the same 
atmosphere and temperature, but which may require 
different or identical processing time cycles. 


THE RADIANT MUFFLE TUBE within which the work is 
processed is externally heated. Many small burners 
accurately and uniformly heat the muffle — top, bottom 
and both sides. The burners are manifolded into mul- 
tiple control sections for exact automatic control of the 
temperature of the various heating zones. 


AUTOMATIC OPERATION ASSURES QUALITY CONTROL — 
Continuously avtomatic work flow coupled with exact 
control of processing temperature and atmosphere con- 
ditions assure that each piece receives the same iden- 
tical treatment as every other piece, thus enabling a 
degree of scientific quality control that is unobtainable 
with batch type furnaces. 


REPRESENTATIVES IN MAJOR 
INDUSTRIAL AREAS. WRITE 
US TODAY FOR CATALOG 243. 


Visit AGF at the 
METAL SHOW, Booth No. 726 


AMERICAN GAS FURNACE CO. 


LAFAYETTE stREeT — 6, 


” 


. 
“Pioneers since 1 
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AGF has 


"twins 


VERSATILITY 

AGF Shaker Hearth Fur- 
naces equipped with 
automatic quenching, 
washing and tempering 
systems are ‘Modern 
Production Tools” that 
cen be incorporated 
into your manufacturing 
sequence, 


“TWIN-HEARTH" Shak- 
ers are only one of the 
many AGF "PROVEN 
DESIGN" furnaces that 
provide you with the 
complete flexibility re- 
quired to do tomorrow's 
production with today’s 
equipment. 


* 
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in Heat Treatment 
with this Hevi-Duty 


TOOL ROOM > 


COMBINATION 


Bert Morton, Tool Room Foreman of Sargent 

& Company in New Haven, Connecticut, says, 
“Our dies have to stand up in production 

runs of 100,000 and more and we find our 
Hevi-Duty Tool Room Combination gives us 
the perfection in heat treatment we need.” 


Sargent & Company performs all heat treating 
operations necessary for tools, dies, punches, 
special fixtures and cutters made from the 
complete range of tool steels such as cobalt, high 
chromium and carbon alloys, with outstanding 
success in this Hevi-Duty tool room set up. 


The compact group consists of a “Treet-All” 
furnace, temperatures to 1850°F; “Hi-Treet” 
furnace, temperatures to 2500°F; “Temperite” 
furnace, temperatures to 1350°F; and an 
“Atmo-Gen” atmosphere generator. 


Write for Bulletins 1147 A-B-C-E for complete information. 


Nondestructive Tests . . . 


A User's View — A. Taboada, of 
Oak Ridge National Laboratories, 
outlined the inspection practices re- 
quired for very small tubing used in 
certain nuclear reactors. These In- 
conel tubes are about 3/16-in. out- 
side diameter, and are assembled 
into the reactor core by complicated 
welding methods. Visual and fluor- 
escent penetrants were used for de- 
tection of outside surface defects, 
while X-ray, eddy-current and ultra- 
sonic equipment were tried for in- 
ternal and inside defects. In all, 
this required five different inspection 
methods for each length of tubing. 

His talk again emphasized the 
fact that most nondestructive test- 
ing is not too definite or selective in 
spotting a variety of discontinuities 
— for example, whether an internal 
discontinuity is an inclusion, a 
scratch, a change in dimension, or 
a variation in grain size. Successful 
adaptation of these methods is often 
possible only after the most careful 
regulation and calibration of the 
equipment. Even then it requires 
extensive correlation with destruc- 
tive tests to know what a “pip” on 
the screen or a jiggle in a dancing 
line means. 


Effect of Thermal Cycling 
on Growth of Uranium 


Digest of “The Growth of 
Uranium Upon Thermal Cycl- 
ing”, by J. E. Burke and A. M. 
a @ Preprint No. 17, 

7. 


MECHANISM has been proposed 

to explain the changes in shape 
that occur in uranium when it is 
subjected to thermal cycling be- 
tween room temperature and tem- 
peratures of about 500° C. (930° F.). 
The authors previously applied the 
same mechanism to zinc. 

When uranium is thermal cycled 
it is subjected to deformation by a 
thermal ratchet which has two 
mechanisms — crystallographic _ slip 
at low temperatures and viscous 
grain-boundary flow at high tem- 


peratures. Uranium is an aniso- 
tropic material with different coeffi- 
cients of expansion along different 
crystallographic directions such that 
when two adjacent grains with dif- 


HEVI-DUTY ELECTRIC COMPANY 


MILWAUKEE 1, WISCONSIN — 
Heat Treating Furnaces... Electric Exclusively 
Dry Type Transformers Constant Current Regulators 
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ferent orientations are heated a ten- 
sile stress is set up in one grain and 
a compressive stress in the adjacent 
grain. Grains which are so oriented 
that the resolved shear stress along 
the slip plane is greatest are con- 
sidered the weaker grains, and these 
are the grains which undergo slip 
during cooling. When the uranium 
is heated to a sufficient temperature 
that grain-boundary flow is viscous, 
the shear stress between the two 
grains is relaxed with accompany- 
ing grain-boundary deformation. 
During cooling, the stress is recon- 
stituted and slip occurs in the weaker 
grain to accommodate for the stress. 
On reheating, the elastic tensile 
stress in the weaker grain decreases, 
becomes zero again at the higher 
temperature, and is replaced by a 
compressive elastic stress which is 
relaxed by grain-boundary flow. On 
cooling the ratchet is repeated. 

The deformation in uranium dur- 
ing thermal cycling is dependent 
upon the texture of the material. 
Uranium rolled in the alpha field 
has a strong texture in which the 
[010] direction is along the rod 
axis. This results in a pronounced 
elongation during thermal cycling. 
The predominant slip system in 
uranium is (010) [100]. Thus, the 
grains with the preferred orientation 
are the stronger grains and will 
grow at the expense of weaker grains 
less favorably oriented. If the uran- 
ium is heated in the beta field, it 
develops a random orientation and 
very little distortion occurs during 
thermal cycling. This is because 
the algebraic sum of all distortions 
is almost zero. 

No deformation occurs if the el- 
evated temperature is below 350° C. 
(660° F.), because little or no grain 
boundary relaxation can occur under 
these conditions. 

If the rate of cooling from the 
elevated temperature is very much 
greater than the rate of heating, the 
amount of deformation is less than 
it is the other way about. The rea- 
son for this is that slow cooling in 
effect lowers the temperature at 
which viscous grain-boundary flow 
occurs and amounts to cycling ata 
lower maximum temperature. 

Composition also is effective in al- 
tering the amount of deformation. 
It was shown that carbide inclusions 
which hinder grain-boundary flow 
decrease the growth rate in thermal 
cycling. RoBERT JAFFEE 
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100% INCREASED OUTPU 


tom 


OPERATING COSTS CuT 50% 


~Hevi-Duty 


HEARTH 


These facts are reported by William T. Courtney 
of the Courtney Heat Treating Company, 
in Cuyahoga Falls, Ohio. 


This firm has been neutral hardening and 
carbonitriding springs and rasps of 

stainless steel, spring steel and alloys. 
Production has increased from 45 to 

50 pounds per hour to 90 to 100 

pounds per hour. Maintenance 

costs have been reduced, there is 

an exact duplication of quality, 

and the furnace has the ability to 

do several heat treating jobs. In 

addition, they like the ease of 

operation and handling of parts, the cleanliness of 
operation and the positive control of temperature. 


If you bright harden, carburize, or cyanide small parts, 
write for Bulletin 850 to see if the Hevi-Duty 
Shaker Hearth Furnace can save you time and money. 


HEVI-DUTY ELECTRIC COMPANY 


MILWAUKEE 1, WISCONSIN 
Heat Treating Furnaces... Electric Exclusively 
Dry Type Transformers Constant Current Regulators 
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Chace THERMOSTATIC BIMETAL 


The Westinghouse TRI-PAC Circuit Breaker was developed to 
provide an economical high-interrupting capacity device for protec- 
tion against short circuits, or fault currents, in applications deliver- 
ing up to 100,000 amperes to breaker locations. This advanced-type 
breaker gives triple protection -(1) thermal time delay, (2) mag- 
netic instantaneous, and (3) fusible current limiting. Developed 
by Westinghouse research engineers, this combination is greatly 
superior to fuses alone. Expensive fuse-replacement is reduced and 
single-phasing is eliminated. 


With a world-wide reputation for reliability of products, 
it is natural that Westinghouse should rely on Chace to provide 
the all-important thermostatic bimetal breaker element. Precision- 
formed to the finest tolerances in the industry, Chace Thermostatic 
Bimetal is rigidly tested and inspected by experts with over a third 
of a century of exclusive bimetal specialization. With unerring and 
automatic precision, these vital elements initiate the breaking of 
the circuit when fault currents endanger valuable equipment. Made 
better to help industry’s products perform better, Chace Thermo- 
static Bimetal continues to widen its usage in applications every- 
where, year after year. 


Remember Chace when you design for protection of valu- 
able equipment or for temperature actuation or indication. Depend- 
able Chace Thermostatic Bimetal is available in 28 types, in strip, coil, 
or completely fabricated and assembled elements made to your spec- 
ification. (We do not manufacture complete controls or any other 
devices in competition with our customers.) Write today for new 
44-page booklet, “Successful Applications of Chace Thermostatic 
Bimetal”, containing interesting uses of bimetal and many pages of 
engineering data that may help you solve your product problems. 


Grain Growth and 
Recrystallization Studies 
on Titanium 


Digest of “Grain Growth and 
Recrystallization Studies on 
Commercial Titanium, RC-55 
and Alloy Ti-100 A”, by E. L. 
Bartholomew, Jr., @ Preprint 
No. 1, 1957. 


XTENSIVE FABRICATION of titanium 

and its alloys by cold forming 
methods is anticipated. The re- 
quired annealing operations may 
occasionally lead to crystal sizes 
which might be prohibitively large. 
For this reason the influence of grain 
size prior to deformation, of amount 
of cold deformation, and of anneal- 
ing temperature and time, on the 
final grain size of titanium RC-55, 
and a titanium alloy, Ti-100 A, was 
investigated. 

Some scatter of datum points was 
found in the deformation range be- 
tween the critical deformation and 
about 20% deformation, but this was 
largely due to partial coarsening of 
the crystal size. A typical peak 
crystal size of 0.15 mm. was found 
by annealing RC-55 which was cold 
rolled to 7% reduction, for 1% hr. at 
1500°F. As might be expected, the 
peak crystal size of both alloys was 
influenced by the temperature and 
time of anneal as well as the amount 
of deformation. However, the use 
of a single curve to represent the 
grain size as a function of these 
variables above 16% reduction sug- 
gests that the resulting grain size is 
a function of deformation only. As 
a result of annealing critically de- 
formed RC-55 and Ti-100 A, grain 
boundaries were curved and highly 
irregular, which suggests that strain- 
induced boundary migration could 
be the mechanism by which the 
coarse grains are developed. 

A series of large-grained RC-55 
specimens were rolled and annealed 
but no significant coarsening was 
observed. At deformations above 
20%, grain refinement was found 
along with evidence of recrystalliza- 
tion. These results indicated that 
the original grain size could be large 
enough to preclude coarsening at 
deformations less than those result- 
ing in recrystallization and so sub- 
sequent studies were made on Ti- 
100 A and are reported. 
(Continued on p. 230) 
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TEMPERATURE SILVER BRAZING ALLOY 


SWECO 


SOUTHWESTERN ENGINEERING COMPANY 
Southwestern Engineering Company, designers 


Here's a brazing job that was no easy problem. It is 
being done now successfully thanks to the engineering 
ingenuity of Southwestern Engineering Company per- 


sonnel. This is a “first” for this type of brazing operation and manufacturers of heat exchangers, on, eed 
on the West Coast. Twenty-four of these heat exchang- vessels and special fabricated equipment for the 
ers are already in service in Texas oil fields and many process industries. * * * * 


more will follow. - 


The tube sheets are for large diameter exchangers. 

Brass plate, %” thick, is brazed to 3°” thick steel plate 

with .005 x 6” Silvaloy 45 and APW Black Flux. Furnace two complete reference 

heating was used. manuals for low tempera- 
ture silver brazing and flux- 

Silvaloy Brazing Alloys and APW Fluxes are helping to ing are available upon re- 

spéed production, lower costs and improve brazing re- vest. Send for eae "a 

sults in many fields. Call your nearest Silvaloy Distrib- Sie 

utor for information or technical assistance. x * 


THE SIiILVALOY DISTRIBUTORS 


BURDETT OXYGEN COMPANY A.B.C. METALS CORPORATION EDGCOMB STEEL COMPANY STEEL SALES CORPORATION 

CLEVELAND + CINCINNATI DENVER, COLORADO PHILADELPHIA, PA.- CHARLOTTE,N.C. CHICAGO, ILL. + MINNEAPOLIS, MINN. 
COLUMBUS + AKRON + DAYTON BALTIMORE, MD. - YORK, PA. INDIANAPOLIS, IND. - KANSAS 
YOUNGSTOWN + MANSFIELD + FINDLAY OLIVER H. VAN HORN CO., INC. KNOXVILLE, TENN. CITY, MO. + GRAND RAPIDS, MICH. 
EDGCOMB STEEL OF NEW ENGLAND, INC. NEW ORLEANS, LOUISIANA DETROIT, MICH. « ST. LOUIS, MO. 
MILFORD, CONNECTICUT FORT WORTH, TEXAS PACIFIC METALS COMPANY LTD. MILWAUKEE, WIS. 

NASHUA, NEW HAMPSHIRE HOUSTON, TEXAS SAN FRANCISCO, CALIFORNIA 

EAGLE METALS COMPANY SALT LAKE CITY, UTAH LICENSED CANADIAN MANUFACTURER 
SEATTLE, WASH. « PORTLAND, ORE. NOTTINGHAM STEEL COMPANY LOS ANGELES, CALIFORNIA BAKER PLATINUM OF CANADA, LTD. 
SPOKANE, WASH. CLEVELAND, OHIO SAN DIEGO, CALIFORNIA TORONTO + MONTREAL 


Low 
SiLVER 
BRAZING ALLOYS 
FLUXES 


THE AMERICAN PLATINUM WORKS 


231 NEW JERSEY RAILROAD AVE. + NEWARK 5, N. J. 
NEW YORK * PROVIDENCE + CHICAGO + SAN FRANCISCO + LOS ANGELES 
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HAYNES Alloys solve’ phe tough 


HASTELLOY Alloy B has a service life 30 
to 40 times that of ordinary materials 
while handling highly reactive hydrogen 
chloride gas at a chemical plant. 

In petroleum, chemical, or food process- 
ing industries—wherever you find highly 
corrosive conditions— HAYNES Alloys are 
long-wearing and most economical. 
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Y Ciena you have a tough cost prob- 


lem due to maintenance or replacement 
expense caused by excessive wear, heat, 
or corrosion, or where there is a complex 
design or production problem —investi- 
gate the use of HAYNES Alloys. 

In practically every industry, you will 
find HAYNES Alloys helping to increase 
production and reduce maintenance— 
doing an efficient job at low cost. For 
information on HAYNES Alloys, contact 
our nearest sales office or write HAYNES 
STELLITE COMPANY, Division of Union 
Carbide Corporation, General Offices 
and Works, Kokomo, Indiana. Sales 
Offices in Chicago, Cleveland, Detroit, 
Houston, Los Angeles, New York, and 
San Francisco. 


Where ordinary bearings and rollers can’t 
take the abuse and punishment of abrasive 
rock and acid sludge, sueh as in mining oper- 
ations, they are hard-faced with HAYNES 
STELLITE Alloy No. 6 and last for years in- 
stead of weeks! HAYNES Alloys reduce main- 
tenance and replacement costs by giving 
long service. 


HAYNES STELLITE 98M2 alloy tools remove metal fast in ma- 
chining jet engine diaphragm rings. These tools take a \%-in. 
cut and remove 55 cubic in. of metal in 15 minutes. About six 
rings now are machined per grind where other tools failed to 
finish even one. And tool service life has jumped over 600 per 
cent. Fast, precision machining with long tool life makes a big 
difference in production costs. 


HAYNES 


Ss 


HAYNES STELLITE COMPANY 
Division of Union Carbide Corporation 


“Haynes,” “Haynes Stellite,”’ “Hastelloy” and “Union Carbide” 
are registered trade-marks of Union Carbide Corporation, 
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the BIG difference 


BETWEEN 


AVERAGE ana ATLAS 


PICKLE-TANK CONSTRUCTION 


.. EXPERIENCE! 


Since Atlas installed the first continuous brick-lined pickler in 1933, more 
than 10,000,000 pounds of Atlas corrosion-proof materials of construc- 
tion have been used to build all types and styles of pickling tanks 
throughout the world. The huge pickling tank pictured above was recently 
installed in a large eastern steel mill and is a typical example of Atlas 
design and construction in the metalworking field. 


Experience has taught us a successful pickling tank requires an integrated 
combination of highest quality materials, tested and proven design, 
expert and craftsman-like construction. Only Atlas offers such a service 
...@ sole source of responsibility, standing behind their installation, 
controlling every step of the job, from the basic manufacture of the 
products to the final use of the material. 


Why choose the average when you can benefit from the BIG difference 
of an Atlas pickling tank? One that will be a permanent asset... deliver 
full service ... withstand the rugged abuse of modern pickling operations 
and not be hampered by down-time for repair of corrosion damage. 
Make sure you specify ATLAS for your next installation. 


Write for Bulletin CC-3 giving com- A 


MERTZTOWN, PENNSYLVANIA 


Grain Growth in Ti... . 


Cold rolled RC-55 was isothermal- 
ly annealed to verify the evidence 
of grain growth without recrystalliza- 
tion. Isothermal recrystallization 
data for 12% and 30% reduction 
annealed at 1100, 1200, and 1300°F. 
were used to obtain the times for 30, 
50, and 70% recrystallization, which 
were then plotted as a function of 
the reciprocal absolute annealing 
temperature. The activation ener- 
gies for 30 to 70% recrystallization 
of 30% cold rolled RC-55 are be- 
tween 74 and 79 kg-cal. per mol. 
whereas those for 12% cold rolled 
are in the range 33 to 35. This dif- 
ference indicates that a transforma- 
tion mechanism other than recrys- 
tallization is operative in the 12% 
reduction and this is believed to 
represent the activation energy for 
strain - induced grain - boundary 
migration. This is analyzed in terms 
of the related thermodynamics of 
boundary migration. 

D. L. McE.Lroy 


Magnesium-Lithium 
Alloys 


Digest of “Deformation and 
Fracture of Alpha Solid Solu- 
tions of Lithium in Magnesium”’, 
by F. E. Hauser, P. R. Landon 
and J. E. Dorn, @ Preprint No. 
5, 1957. 


Grnovs limitations are imposed up- 
on the low-temperature deforma- 
tion of polycrystalline aggregates of 
such hexagonal close-packed metals 
as cadmium, zinc and magnesium by 
the fact that only basal slip and 
twinning are the normal deformation 
mechanisms. These limitations are 
held responsible for the brittle frac- 
ture behavior of zinc and the rela- 
tively low ductility of magnesium 
observed at low temperature. 

The present research had as its 
objective the determination of effects 
on deformation capacity of mag- 
nesium produced by a number of 
solid solution alloying elements; re- 
sults demonstrate the promising be- 
havior of magnesium-lithium alloys. 

A preliminary survey was made 
with magnesium alloys containing a 
number of alpha solid solution-form- 
ing elements selected to have as wide 
a range of atomic radii, valencies 
and effect on the axial ratio c/a as 
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METAL Coatings on 
IRON, STEEL and 


NICKEL Coatings 


MAGNE-GAGE 


The Magne-Gage quickly and accurately measures 
thickness of coatings such as the following: 

1. Nickel coatings up to 0.001 in. thick on 
non-magnetic base metals, such as copper, 
brass, and zinc-base diecastings. 

. Polished nickel coatings up to 0.002 in. 
thick on iron or steel. 

. Non-magnetic coatings up to 0.080 in. 
thick on iron or steel. Such coatings may 
be electro-deposited copper, zinc, cad- 
mium, tin or chromium; hot-dipped tin, 
zinc or lead; non-metallic paint or vitre- 
ous enamel. 

Instrument is portable—measures curved as well 
as flat surfaces—accuracy within +10%. Com- 
plete readings can be made in 45 seconds, 


Coatings of 
PAINT, VARNISH, SHELLAC, 
CERAMICS, PLASTICS, ANODIC 


FILMETER 


Thickness of non-conducting coatings on non- 
magnetic base metals (aluminum, duralumin, 
brass, copper and bronze) are readily measured 
by the Filmeter. Coatings in this category include 
paint, varnish, shellac, lacquer, enamel, plastics, 
and ceramics from 0 to 0.005 in. thick. 


The Filmeter measures with an accuracy of + 3% 
of full scale. Measurements can be made on flat, 
concave or convex surfaces. 


The instrument will measure anodized films from 
0 to 0.001 in. thick, on aluminum, or alumi- 
num alloys in accordance with ASTM Test No. 
B244-49T. 


Device includes an inductor which is placed on 
the coated surface; a control box, a set of ear- 
phones, standard thickness samples, and a cali- 
bration chart. The instrument weighs only 11 
lb., is battery-operated and fitted with a carrying 
strap. 


Specified by ASTM For Test 1400-56T 


The Filmeter has recently been recommended by 
the ASTM (American Society for Testing Ma- 
terials) as the instrument to perform Test No. 
1400-56T, “Method for determining the dry-film 
thickness of non-metallic coatings of paint, varnish, 
lacquer and related products on a non-magnetic 
metal base.” 


Full information for both instruments contained’in BULLETIN 2253-J, furnished on request. 


AMERICAN INSTRUMENT 


OCTOBER 1957 


Silver Spring, 
Maryland 
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Measure Coating 

ACCURATELY & NON-DESTRUCTIVELY 


HATIONWIDE 
SERVICE by ARWOOD 


... Our reputation is 


built on it 


...our future 


depends on it 


im, Fifty-four skilled and experienced 
| ARWOOD field engineers are at 
at your service in 20 major industrial 9 
centers throughout the country. = 
They are experts in design and * 
ty production engineering, with a fund ; 

re of Investment Casting knowledge at 
their fingertips, to do only one thing 
—Help you! 


If your design and production problems involve intricate shapes [7 
and contours, in metals difficult or impossible to form or 
machine, ask your ARWOOD field engineer to show you how 
Investment Casting may offer the most economical solution. ; 
Check these ARWOOD superiorities and compare! ps 
© Largest field-engineering staff in the industry 

® Multi-plant tooling and production facilities 

@ Pilot, as well as production quantities 

® Finish-machined castings, complete to blueprint 


®@ Government-approved heat-treating, X-ray, Zyglo and Magnaflux 
facilities in all 4 plants 


For the name and location of your nearest ARWOOD field Wy 
engineer, write TODAY to: a 


ARWOOD PRECISION CASTING CORP. 
819 West 44th Street ¢ New York 36, New York 


“Pioneers in Investment Casting” 
Plants: Brooklyn, N. Y., Groton, Conn., Tilton, N. H., Los Angeles and N. Hollywood, Calif. 
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Mg-Li Alloys .. . 


possible. The results of this pre- 
liminary survey of the plastic proper- 
ties and fracturing characteristics at 
the boiling temperature of liquid 
nitrogen, 78° K., indicated that ma- 
jor emphasis should be placed on 
additional study of alpha solid solu- 
tions of lithium in magnesium. The 
other binary compositions contain- 
ing tin, cadmium, mercury, silver, 
thallium, indium, bismuth or alumi- 
num were all essentially brittle, while 
the lithium alloy was significantly 
more ductile. 

Tensile tests were then made on a 
series of binary magnesium-lithium 
alloys containing up to 14.5 at. % 
lithium at temperatures of 295, 195, 
78 and 4° K. The studies at 195° K. 
showed that the stress-strain curves 
exhibited a change in slope with re- 
duced strain hardening rate at lithi- 
um contents of 7.6 at. % or higher, 
the change in slope occurring at a 
lower stress the higher the lithium 
content. This sudden abnormal 
change in strain hardening rate and 
the associated increase in ductility 
to as much as four times that of 
pure magnesium suggested that an 
additional deformation mechanism 
was introduced by the alloying addi- 
tions of lithium. 

Metallographic examination and 
analysis of slip traces disclosed that 
the decrease in strain hardening rate 
and transition from brittle to ductile 
fracturing coincided with the ap- 
pearance of general prismatic slip 
throughout some of the grains. The 
evidence indicated strongly that the 
improved ductility resulted from the 
availability of both prismatic and 
basal slip. 

Correlations of the axial ratio c/a 
at which active prismatic slip was 
attained in the magnesium-lithium 
alloys with the ratios and the ob- 
served slip mechanisms for other 
metals indicated that a ratio c/a 
of 1.618 or higher was needed for 
prismatic slip to become active. The 
significance of the apparently critical 
ratio was rationalized in terms of 
dislocation theory. 

It is anticipated that commercial 
interest may develop in magnesium 
alloys with lithium additions as struc- 
tural materials based on their favor- 
able strength-weight ratio and sub- 
stantial capacity for deformation. 

H. Y. Hunsicker 
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look into this 


If it were possible to cut away a portion of an 
operating furnace, the Ipsen T-4-600 Automatic Heat 
Treating Unit would appear as shown above. In this 
unit, 100% forced convection heating is effected by 
continuously recirculating large quantities of atmos- 
phere—at 40 ft. per second—over the Ipsen heating 
tubes. 

These heating tubes are manufactured of an alloyed 
ceramic material that easily withstands continuous 
furnace usage to 2000° F.—tube temperatures to 
2700° F. 

Ipsen tubes were initially designed for gas-fired 
heat—however specially designed electric heating 


elements may be easily inserted into the tubes to 
permit electric heating, without contamination from 
carburizing or carbo-nitriding gas. 

With a silicone ''O"’ ring at the bottom end, and a 
flexible bellows at the top, each tube is perfectly 
sealed under continuous compression, regardless of 
expansion or contraction. 

A recently developed burner gives unusually quiet 
operation—and 100% complete combustion within 
the tube. 

Based on normal operating conditions, the latest 
development in the ceramic tube material permits a 


manufacturer's guarantee of one year. 


turn to next page for information on the new Ipsen Flame-Busters 


HEAT TREATING UNITS 


| 


alloyed ceramic 


es 
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The new Ipsen Flame-Busters are alloyed ceramic links, 
suspended chain-like inside each gas-fired heating tube 
to interrupt the flame path. They're made of a newly 
developed alloyed ceramic material which withstands 


direct flame impingement at temperatures up to 3000°F. 


Here's what happens: Gases in excess of 2500°F. from 
the burner at the bottom of the tube pass upward until 
checked by a suspended series of ceramic Flame-Busters 


that effectively swirl the high velocity gases. 


Thus each alloyed ceramic heating tube disperses 
heat by conduction and radiation from the superheated 
Flame-Busters. Heat is dispersed over a greater length 
within the tube. Localized overheating of the tube 


is impossible. 


For electric operation, lift the Flame- 
Buster assembly from the ceramic tube, 
and replace it with a resistance type 
element. Changeover can be made 
quickly ... and the elements are com- 
pletely protected from the furnace 


atmospheres. 


se IPSEN INDUSTRIES, INC. 723 S. MAIN STREET ROCKFORD, ILLINOIS 


HEAT TREATING UNITS 
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DEI 


more 


NOW IT CAN BE TOLD 


After two years and hundreds 
of customer field tests ...Glo- 
bae’s new DELTA Silicon Car- 
bide Heating Elements are 
unbeatable from every consider- 
ation. Shortly after Globar 
engineers perfected the Delta 
Elements, they were released to 
the field in restricted quantities 
and sizes to assure performance 
before public announcement. 


Customer reaction speaks for itself: 
Delta Elements outperform any competitive element. 


Delta Element operation is more economical. ..uniform resistance means 
fewer tap changes... longer life... lower operating costs. 


Delta Element terminals do not overheat, provide 


trouble-free connections. Elements can be installed in hot furnaces 
. Minimizes downtime. 


Delta Element resistance characteristic. .. low at room temperature 
. allows easy periodic operation. 


Delta Elements are available in a wide range of 

sizes to meet every application requirement... regular sizes 
normally available from stock or within two weeks 

of order. Superior in performance and superior in availability. 


TECHNICAL SERVICE AND LITERATURE. Globor’s exclusive service...a field stoff of Electrical Engineers backed by 30 yeors 


experience is ready to assist you— without obligation. Technical Bulletin “H” is available upon request. Write Dept. MP 87-715. 


HEATING ELEMENTS. 
ra Falls, New | 
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A New Classification for 
Precipitation Systems 


Digest of “Classification of 
Precipitation Systems”, by R. 
O. Williams, PN Preprint No. 
13, 1957. 


METHODS have been pro- 

posed for classifying the many 
metal-alloy systems in which pre- 
cipitation occurs. The first of these 


describes the nature of the super- 
saturated solid solution and the 
precipitate in terms of terminal solid 
solution, intermediate phases, and 
intermetallic compounds. A second 
distinguishes between aging be- 
havior at relatively low and at high 
temperatures. The third depends 
on the relative size of the different 
atoms. These three methods the 
author considers inadequate and he 
therefore proposes a much more 
comprehensive scheme. 


IBM | relies on 


RANSBURG 
NO. 2 
PROCESS 
Electrostatic 
Spray Painting 


to get the excellent 


and uniform high quality wrinkle finish on all 


IBM ELECTRIC TYPEWRITERS 


IBM's strict quality standards are easily 
maintained with Ransburg No. 2 Process in the 
painting of Electric Typewriter parts. Rejects by 
the former hand spray method used to run as high 
as 30% on some parts. Now, with automatic 
Electro-Spray, rejects for all reasons are 
only 3% to 5%. 

Three Times as Many Pieces per Galion! 

Along with increased production, paint mileage 
is stepped up, and they get three times as many 
pieces per gallon as by the former hand spray 
method. That's because efficiency of the Ransburg 
No. 2 Process Reciprocating Disk puts the paint 
where it's supposed to go . . . on the parts. 

Want to know how Ransburg Electro-Spray 
can improve the quality of your painted products 

. . and at the same time, cut your paint and 
labor costs? At no obligation to you, we will 
make complete laboratory tests with your 
products to prove the advantages and cost saving 
benefits which can be yours with Ransburg 
No. 2 Process. Write or call. 


COATING 
Indianapolis 7, indiana 


Both prime and finish coats are uniformly applied to 
IBM Electric Typewriter cases as they rotate around 
the floor-mounted Ransburg No. 2 Process reciprocating 
disks. Automatic Electro-Spray provides three times as 
many pieces per gallon as by former hand spray. 


Visit BOOTH NO. 160 at the 
CHICAGO METAL SHOW 


Here you'll see a RANSBURG No. 2 Process disk unit in 
actual operation demonstrating the efficiency of the Process 


It is proposed that precipitation 
systems be classified accerding to 
three structural characteristics: (a) 
the degree of complexity of the nu- 
cleation, (b) the predominant 
shape of the particles of the new 
phase, and (c) the degree of order 
which exists within the matrix and 
precipitate. There are three kinds 
of nucleation — simple, complex, and 
discontinuous; four kinds of particle 
shapes — needle, sphere, plate, and 
polyhedron; and four possible com- 
binations of order-disorder — or- 
dered matrix-ordered _ precipitate, 
disordered matrix-ordered precipi- 
tate, ordered matrix-disordered pre- 
cipitate, and disordered matrix-dis- 
ordered precipitate. hus 48 classes 
are possible, although few, if any, 
examples will be found of some of 
these classes. 

An example of simple nucleation 
is a face-centered cubic precipitate 
in a face-centered cubic matrix. By 
complex nucleation is meant the 
process by which a phase is formed 
which contains atomic positions 
markedly different from those of the 
matrix — for example, the formation 
of a body-centered cubic precipitate 
from a face-centered cubic matrix. 
Finally, discontinuous nucleation 
occurs at or in the immediate vicinity 
of high-angle grain boundaries re- 
sulting in a new crystallographic 
orientation and the precipitate. 
The new phase frequently occurs as 
plates normal to the moving bound- 
ary and has an appearance much 
like that of pearlite. 

It is the author’s hope that the 
classification of precipitation systems 
will help show the similarities and 
dissimilarities among them, will 
show how the physical properties 
depend on structure, and how best 
to obtain optimum structures. A 
chart shows dependence of physical 
properties on the characteristics of 
precipitation systems. 

Some of the more common sys- 
tems are identified as follows: 

Aluminum-Copper — Above 
200° C. (390° F.), there is complex 
nucleation, disordered matrix, or- 
dered plate precipitate. At low 
temperature there is simple nuclea- 
tion, disordered matrix, and disor- 
dered plate precipitate; however, 
some data indieate a second low- 
temperature form in which the plate 
precipitate is ordered. 

Aluminum-Silver — Above about 
190° C. (375° F.), first a complex nu- 
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three 

reasons 

why 

it will pay you 
to use 


NICKEL ALLOY INGOT 


1. CONVENIENCE of handling ingot instead of scrap is obvious. 


But in addition, while ingot costs a little more, you SAVE—on costs 
of handling, on space for handling and storing, on melting losses. 


UNIFORM ANALYSIS — The analysis of nickel alloy 
ingot is always more uniform than that of a heterogeneous mixture 
of scrap. With Federated ingot, you don't take chances on possible 
contamination of heats. 


AVAILABILITY — Federated Nickel alloy ingot is available 
for immediate use. Fast, dependable Federated service gets nickel 
to you when you need it. 


This new Nickel alloy ingot is backed by the same thorough research 
and product development, and embodies the same high quality that 
has marked the whole line of products Federated has supplied to the 
steel industry for over 40 years . . . babbitts for bearings, Terne metal 
for plate, zinc alloys for galvanizing, ferro-selenium for stainless steel, 
and lead pellets for free-machining steel. 

Why not get in touch with us today and learn more about why 
it will pay you to do business with Federated. 


Division of 


AMERICAN SMELTING AND REFINING COMPANY 
120 Broadway + New York 5, N.Y. 


In Canada: Federated Metais Canada, Ltd., Toronto and Montreal 
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For Research and Small Production 


Detroit 
GM Series 
ROCKING 
Electric 


60 Ibs. 


With these Detroit Rocking 
Electric Furnaces, you can melt 
small quantities of any ferrous or 
non-ferrous alloy to the required 
analysis quickly, economically. 
Indirect arc melting provides ac- 
curate heat control plus minimum 
carbon pickup. Automatic rocking 
action assures homogeneous alloy- 
ing, full heat utilization and longer 


DETROIT ELECTRIC FURNACE DIVISION 
_ KUHLMAN ELECTRIC COMPANY 
(1080 26th St. + BAY CITY, MICHIGAN 


lining life. Electrodes are inde- 

ndently mounted for easy shell 
interchange. TypesGMS and GMT 
Furnaces are sold complete with 
transformers, ready for installation. 
Write today for full information. 


Foreign Rep ntati in BRAZIL—Equip tos Industrias, “Eisa” Ltd., Soo Paulo; CHILE, ARGENTINA, PERU and 
VENEZUELA: M Costellvi inc., 150 Broadway, New York 7, N. Y. ; MEXICO: Cio Proveedora de Industrias, Atenas 32-13, 
Apartado 2743, Mexico 6, D F., Mexico; EUROPE, ENGLAND: Birlec, Ltd., Birmingham. 


Keep Your Product on the move F==—====i= 


Process 
Belts for 


Aluminum Brazing ¢ 
Annealing 


Bluing 


Carburizing ¢ Copper Brazing ¢ 


Hardening ¢ Metal Washing and 


1 Degreasing ¢ Sintering ¢ Quenching 

se WRITE FOR 

ASHW ORTH BROS INC. 


WINCHESTER, VIRGINIA 


Sales Atlonta + Buffalo + Charlotte, N C + Chicago + Cleveland + Dallos + Detroit 
Greenville, S. C. + Los Angeles + Lounville New York + Philadelphia Rochester 
! Seattle + St. Lours « St. Paul Canadian Rep., PECKOVER'S LID., Toronto Montreal 


Precipitation Systems... 


cleation, disordered matrix, and a 
disordered plate precipitate, is fol- 
lowed by a discontinuous nucleation, 
disordered matrix, with disordered 
plate precipitate. Below 190°C. 
there is simple nucleation, disordered 
matrix, and an ordered spherical 
precipitate. 

Aluminum-Nickel-Iron — Simple 
nucleation, ordered matrix, disor- 
dered plate precipitate; or simple 
nucleation, disordered matrix with 
ordered plate precipitate occurs, de- 
pending on whether the ordered 
Ni-Al phase is considered the ma- 
trix or the precipitate. 

P. Payson 


Torsional Strength and 
Microstructure of 
High-Carbon Steel 


Digest of “Some Relationships 
Between Torsional Strength and 
Electron Microstructure in a 
High Carbon Steel’, by S. T. 
Ross, R. P. Sernka and W. E. 
Jominy, © Preprint No. 46, 
1957. 


PPEvious work by the authors has 

indicated that percarbide films 
surrounding martensite plates in 
tempered steel may be a cause of 
erratic fatigue and torsion test data 
at high hardnesses. Work of the 
A.S.T.M. Subcommittee on Electron 
Metallography shows that the elec- 
tron microstructures of martensite 
tempered below 550° F. and of iso- 
thermally formed lower bainite are 
very similar, but that carbide films 
do not exist in the bainite structure. 
It was thus considered possible that 
bainite samples at high hardnesses 
might show less scatter in torsion test 
results than samples quenched and 
tempered to the same hardness 
range. 

This possibility was investigated 
by making a series of torsion speci- 
mens from S.A.E. 51100 steel with 
microstructures of tempered marten- 
site and bainite. They were com- 
pared as to torsion yield strength 
(calculated from the force to give 
1.0° offset) , torsion ultimate strength, 
fracture characteristics, and electron 
microstructure. 

Quenched and tempered speci- 
mens were prepared by austenitizing 
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... With a Watson-Stillman extrusion press and stretcher 


WS-38 


KEEPING ALUMINUM WINDOW 


AND DOOR 


Quality and speed are up while costs are 
down, when extrusion goes modern with 
Watson-Stillman presses. That’s been proved 
by many leading extruders. 

Eagle Picher Company of Cincinnati, Ohio, 
for example, recently installed a 1400-ton 
W-S aluminum extrusion press at their Dover, 
N. J., aluminum fabricating plant that pro- 
duces basic sections for sash-screen doors and 
storm doors. Operating in a special new wing, 
in combination with a W-S stretcher, the press 
delivers uniform quality — plus the volume 
and economy needed in this rapidly develop- 
ing industry. 


HIGH 


See how Watson-Stillman can help you 
meet your extrusion objectives. The company 
provides a complete engineering service from 
plant layout to press design and installation. 
Standard presses range in capacities from 600 
to 5000 tons. 


WATSON-STILLMAN PRESS DIVISION 
FARREL-BIRMINGHAM COMPANY, INC. 
160 Aldene Road, Roselle, N. J. 
Plants: Ansonia & Derby, Conn., Buffalo & Rochester, N. Y. 
Manufactured and sold in Canada by: Canadian Vickers Ltd. 


WATSON -STULMAN 
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Make Accurate 
Brinell Tests 
Anywhere! 


KING PORTABLE BRINELL HARD- 
NESS TESTERS are used the world 
over where ease of operation, de- 
pendability, guaranteed accuracy are 
essential. 


© make tests in any position, any- 
where—even in small, cramped 
spaces other testers cannot 
reach 


Torsional Strength . . . 


at 1800° F. for 1 hr. and quenching 
in agitated oil at room temperature. 
All but three specimens (which were 
tested as quenched) were imme- 
diately cold treated at — 105° F. for 
30 min. and then tempered at tem- 
peratures from 400 to 600° F. for 
various times. Bainite specimens 
were austenitized and then held at 
temperatures from 400 to 550° F. 
for sufficient times (determined for 
this lot of steel) to transform the 
austenite completely to bainite. 
Three specimens were given each 
heat treatment, and the torsion test 
results were averages of the three. 
Hardness of all specimens was in the 
range Rockwell C-53 to 65. 

The torsion yield strength versus 
hardness relationship is initially 
very similar for both microstructures, 
linearly increasing from about 130,- 
000 psi. at Rockwell C-53 to almost 
170,000 psi. at Rockwell C-58. 
Above a hardness of about 58, tem- 
pered martensite specimens behave 
erratically, with the only certain 


trend being to much lower strengths 
for untempered specimens at very 
high hardness (62 and 65). The 
strength-hardness_ relationship for 
bainite specimens is linear to the 
highest hardness studied — C-60. 

Untempered martensite specimens 
fractured brittlely, while bainite 
specimens (excluding the highest 
hardness specimen) showed a typical 
shear fracture perpendicular to the 
specimen axis. All other specimens 
exhibited a fracture regarded as a 
combination shear and brittle failure. 
These bars broke into many small 
pieces, some of which contained 
shiny shear surfaces parallel to the 
specimen axis. 

Electron micrographs were made 
from chromium-shadowed formvar 
and parlodion replicas of specimens 
representative of each heat treat- 
ment. Without exception, long con- 
tinuous lines indicative of cementite 
or percarbide films at the boundaries 
of martensite plates were observed 
in the tempered martensite speci- 
mens. Dispersed carbide particles 
were present and were very similar 


in appearance in both types of micro- 


CARBIDE ROTARY BURS 


Cut toughest metals, abrasive mate- 
rials, and metals too hard for ordinary 
high-speed tools. Precision ground 
from solid carbide. Each tooth lapped 
to provide cooler cutting, extremely 
long life, lower costs. Illustrated are 
typical shapes available in all sizes 
from 3/32” to 1” diameter. Complete 
line of high speed steel rotary burrs 
and files. 


test parts of any size with re- 
movable test head—a King ex- 
clusive 


get accurate results every time 
—full 3000 kg load on 10 mm 
ball gives clear, sharp impres- 


sion : MOTOR-FLEX UNITS 


grinding, burring, buffing, filing and similar pro- 
Write for complete specifications, duction operations. Martindale units have ball 
prices on full range of models and bearings throughout, flexible cores made of finest 
adapters spring steel, and run in rubber-covered non- 
° shrinkable sheaths. Seven models: 24 combina- 
tions of shaft speeds and 1/10 to % H.P. to meet 
specific needs. Available in bench, pedestal or 
overhead suspension types. 
Complete line of attachments for all finishing 
operations. 


KING 
TESTER 
CORPORATION 


446 NORTH 13th STREET 
PHILADELPHIA 23, PA. 


WRITE TODAY FOR 


NEW CATALOG 
64 PAGES 

of maintenance, safety 

ond production ®quipment 


See us at Booth #1292, National Metal Show—Chicago 


MARTINDALE 
ELECTRIC COMPANY 


1372 Hird Avenue + Cleveland 7, Ohio 
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NOW 


.98% pure fused 


Vanadium Oxide... 


immediate delivery 


...low price 


Previously, fused Vanadium Oxide 
was produced to purity specifications 
of only 86 to 89%. Now, advanced pro- 
duction techniques make it possible 
for ELECTROMET to provide it at 98% 
purity —at no increase in price. 

This new grade of vanadium oxide 
provides these properties for ferrous 
and non-ferrous alloy uses: 

@ Low alkali oxide content virtually 
eliminates fuming problems. 

@ Insolubles content—mainly silica— 
reduced to new low insuring man- 
ufacture of higher quality non- 
ferrous alloys. 

For more information write ELECTRO 

METALLURGICAL COMPANY, Division 

of Union Carbide Corporation, 30 East 

42nd Street, New York 17, N. Y. 

In Canada: Electro Metallurgical 
Company, Division of Union Carbide 
Canada Limited, Toronto. 


METALS DO MORE ALL THE TIME 
THANKS TO ALLOYS 


Analysis: Vanadium Oxide 98%, Alkali Oxides 


By. > , 1-2%, Sulfur 0.05% Max., Insolubles 0.2% Max. 


FERRO-ALLOYS AND METALS 


UNION 
CARBIDE 


e@ The terms “Electromet” and “Union Carbide” are registered trade-marks of Union Carbide Corporation. 
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PSCSheet Allo yRadiantTubes 
LESS “LAST Li LONGER 


D If you are using cast alloy tubes, 
emonstrate we can quote you substantially less on 
This our all-sheet alloy tubes. And, with dies on 
hand for many commonly used sizes of return 
bends, we can frequently save our customers this 
important cost. Records of scores of installations show PSC “Thin Wall” tubes are giving much 
longer service life. For instance, Michigan Malleable Iron Co. reports: 
“We show an average life of over 3% years for your fabricated tubes, 
which is about double cur experience with cast alloy tubes”. In PSC 
tubes the return bends are of the same metal and thickness as the legs, 
promoting uniform flow of gas and minimizing carbon build-up and conse- 
quent burn-out. Precision-assembled in any design or dimension. Also 
sheet-alloy heat-treating retorts and covers, boxes, baskets, fixtures, a] 
tubes, etc. We invite your inquiries. ; 


Send Jor PSC Heat-Treat Catalog 54 


THE PRESSED STEEL CO. - Wilkes-Barre, Pa. 


CENTER FOR HIGH-PURITY FUSED QUARTZ 


AMERSIL service is keyed to your requirements. ~ 
Here, at the primary source for fused quartz 
and | of critical purity, several spe- 


cially develop gre used * ROTOSIL 

—each providing an end piadedt suited pre- * OPTOSIL 

cisely to certain types of fabrication and use. * HOMOSIL 
Delivery is prompt. Standard apparatus, cru- * ULTRASIL 

cibles, trays, cylindrical containers and tubing 

(up to 25° diam.) are available for prompt 


service. Amersil engineers will be glad to 


in developing special equipment for your / 
quirements. Your inquiry is invited. * 


|/ AMERSIL 


COM PANY, INC. 


685 RAMSEY AVE. * HILLSIDE 5, NEW JERSEY 


FUSED SILICA 
AND QUARTZ 


INDUSTRIES ) 


Torsional Strength . . . 


structure — tempered martensite and 
bainite. 

The presence of the carbide films 
in one structure and their absence 
in the other leads to the suggestion 
that they are associated with the dif- 
ferences in mechanical behavior, 
particularly the erratic torsion test 
behavior of the high-hardness, tem- 
pered martensite specimens. It is 
recognized that residual quenching 
stresses may be important too, but 
long tempering times were expected - 
to decrease their effect, and no such” 
decrease was found for tempering 
times of 24 hr. or even 200 hr. The 
authors do not consider the pos- 
sibility that the ferrite phase may 
be changing in properties during 
the tempering process, and that this 
too may be important in accounting 
for the mechanical properties. 

The extraction replica technique, 
in which particles of the carbide 
phase are etched loose from their 
surroundings and then removed with 
a parlodion replica, was used to iso- 
late the carbides. Electron diffrac- 
tion identified them as the Higg 
percarbide, Fe,C, and cementite, 
Fe,C. Cementite tended to pre- 
dominate at higher tempering or 
isothermal transformation tempera- 
tures and was the only carbide iden- 
tified in a specimen tempered at 
600° F. In a specimen quenched 
and tempered 6% hr. at 450° F., 
only Fe,C was found. 

Davin A. THomMas 


Morphology of Leaded 
Steels 


Digest of “Some Aspects of 
the Morphology and Chemistry 
of Lead in Leaded High-Sul- 
phur Steels”, by J. W. Thur- 
man, E. J. Paliwoda and E. J. 
Duwell, @ Preprint No. 50, 


HAS BEEN known for some 20 
years that the machinability of 
steels may be significantly improved 
by the addition of small amounts of 
lead. This enhanced machinability 
is thought to be the result of internal 
lubrication which reduces friction at 
the tool-chip interface. Since the 
improvement is dependent on the 
dispersion of lead and on its mode 
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Aluminum Aging Oven 


Treats 44 ft. Aluminum Extrusions— 
Maintains + 10°F. Thru Load 


3 Separate Heating Zones 
Plus DESPATCH High Volume 
Air Flow Engineering 
Guarantee Uniformity with 
27 Air Changes per minute 


A maximum charge of 6000 lbs. of aluminum ex- 
trusions is aged to specifications in this huge work 
area. Production reports are excellent, according to 
executives of Quality Aluminum Products Company 
of Coldwater, Michigan. 

Here are the engineering reasons why this Despatch 
furnace can handle such large loads of aluminum ex- 
trusions with uniform heat in a large work chamber: 
Furnace range of 0-600° F., 3 direct low pressure 
burners, each has capacity of 500,000 BTU’s, 3 large, 
heavy-duty fans handling 15,500 CFM.,3 M. H.con- 
trols to assure accuracy. Plus Despatch engineering 
of heat thru special duct design and balance of heat 
charge in every square foot of the work chamber walls 
using the exclusive Despatch parts. This combination 
can provide uniformity within very close tolerances 
on heat treating furnaces even for such dense loading 
conditions as the Quality Aluminum Products 
Company requires. 


RECORDING CONTROL REVEALS 
FAST RECOVERY, CLOSE CONTROL 
SHORT AGING PERIODS 


This M. H. record of heat 

control illustrates the econ- 

omy of time in aging aluminum extrusions in the 
Despatch Furnace. Your attention is called to the 
rate of recovery after a new charge is inserted. Also 
note the duration of aging periods. Quality Aluminum 
and Strong Engineering Inc. of Dearborn, Michigan, 
who sold and supervised this installation report 
impressive production economies are possible with 
this furnace. 


Write for Complete Information on Despatch Aluminum 
Solution Heat-Treating Furnaces and Aging Ovens. Ask for 
Bulletin No. 81P. 


619 S. E. Eighth Street Minneapolis 14, Minn. 
Sales and Service in All 26 Principal Cities 
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PIONEERS IN ENGINEERING HEAT APPLICATION FOR INDUSTRY 
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Sixty-three different com- 
positions enable you to 
determine and control 
working temperatures 
from 113° to 2000° F. 
TEMPILSTIK® marks on 
workpiece “say when” by 
melting at stated tempera- 
tures—plus or minus 1%. 


also available in 
pellet and liquid form 


Tempil “Basic 
Guide to Ferrous 
Metallurgy”"— 


a16%"x 21" plastic-laminated 
wall chart in color. 


Send for sample pellets, stating 
temperatures of interest to you. 


6238 


CLAUD S. GORDON CO. 


Manufacturers « Engineers + Distributors 


613 West 30th St., Chic 16, MM. 
2021 Hamilton Ave., Cleveland 


Leaded Steels . . . 


of occurrence, methods for the study 
of its morphology are of importance. 

Lead distribution has been de- 
termined in various ways, including 
exudation or sweat tests, printing 
methods and _ standard metallo- 
graphic procedures, but none of 
these tests are altogether satisfactory. 
These methods, therefore, were sup- 
plemented by microradiography. An 
experimental commercial ingot of 
type “A” steel, both in the as-cast 
condition and after various reduc- 
tions by hot rolling, was examined. 

Foils used for the microradio- 
graphic work were 0.0035 in. thick. 
With the use of Kodak 649-O spec- 
troscopic plates, processed in D-19 
developer, magnifications in excess 
of 100 X could be obtained without 
undue graininess. 

Comparison of microradiographs 
prepared with CoKa and Cr Ka 
radiation, gives positive identifica- 
tion of manganese sulphide inclu- 
sions. Lead appears nearly white 
using either of these radiations but 
cobalt gives better detail. 

The experimental ingot of Grade 
“A” steel analyzed 0.08% C, 0.98 Mn, 
0.046 P, 0.300 S, and 0.17% Pb. 

The ingot weighed 10,400 Ib. and 
was poured into a 24 x 24-in. big- 
end-down mold with hot top. Lead 
(6.1 lb. per ton) was added to the 
mold in the usual way as 99.8% lead 
shot, finer than 20 mesh. 

Foils for the microradiographic 
work were taken from the as-cast 
ingot representing top-to-bottom and 
surface-to-center locations. A sur- 
face immediately adjacent to the foil 
was prepared for metallographic 
examination. 

Those portions of the ingot which 
cool rapidly (near surface and ex- 
treme bottom) showed extremely 
fine inclusions. The inclusions de- 
lineated a structure by having be- 
come entrapped in interdendritic 
fillings. As the interior of the ingot 
is approached the inclusions become 
larger and the crystallites which 
they outline are likewise larger and 
equi-axed. The lead constituent is 
confined to the same areas as the 
manganese sulphide. For the most 
part the lead particles are globular. 
They appear to be in physical con- 
tact with the sulphide, although 
occasional ones exist independently. 

(Continued on p. 248) 


STRAITS 
TIN 
REPORT 


New developments in -_/ 
the production, mar- 
keting and uses of tin 


‘ 


A number of new tin-zirconium alloys 
developed for use in the constructional 
elements of nuclear power plants have 
been patented by the U.S. Atomic 
Energy Commission. These alloys, con- 
taining from 1.8% to 4.5% tin and 
between 0.3% and 3.3% molybdenum, 
are said to have high tensile strength at 
elevated temperatures and excellent cor- 
rosion resistance. 
* * * 

A new group of alloys containing titani- 
um, copper, aluminum and tin are said 
to react to heat treatment very much 
like steel. They are strong and ductile 
at temperatures up to 1000°F. and 
should have important applications in 
a variety of industries. 


August 31 was Merdeka (Inde- 
pendence) Day in the Federation 
of Malaya. It then became a new 
self-governing nation in the Brit- 
ish Commonwealth. The Chief 
Minister, Tengku Abdul Rah- 
man, who proclaimed the Federa- 
tion’s independence, had previ- 
ously declared that a primary 
concern of the Government is the 
well-being of the tin-mining 
industry. 


Tin plating large engineering compo- 
nents—a problem for years—for the first 
time now has a commercially practical 
solution. “Dalic” plating brings the 
anode and the electrolyte to the work- 
piece, instead of vice versa. There are 
further advantages. The tin film deposit- 
ed is finer grained. Deposition is both 
speedy and controllable to precise time 
limits. 
* * 

Continued experiments in bonding 
aluminum-tin bearing alloys to steel 
have brought greater improvements. By 
hard rolling the aluminum-tin so that 
its hardness is close to that of soft mild 
steel, the alloy can be rolled directly 
onto steel without aluminizing the steel 
first. This cuts out several manufactur- 
ing steps, with resultant savings. 


Ask us to send you TIN 
NEWS, a monthly letter. 
It will keep you posted 
on tin supply, prices, new 
uses and applications. 


The Malayan Tin Bureau 
Dept. 25K, 1028 Connecticut Ave., Washington 6, D.C. 
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a proved G.E. X-Ray 
product to make your 
products better 


RESOTRON’ 1000 


\ > 


Million-volt X-ray inspection: routine 


MISCO speeds 100% inspection of 
jet blades with radial radiography 


Using a G-E Resotron 1000 and a specially designed 
jig, Misco Precision Casting Co., Whitehall, Mich., now 
inspects seven times as many jet engine turbine blades 
per exposure as they did with their lower-voltage (250 
kvp) equipment. This is just one example of how super- 


Progress ls Our Most Important Prodvet 


voltage radiography on a mass-production basis can slash 
the cost of quality control. 

To fill your nondestructive testing needs, General 
Electric offers a complete line of x-ray apparatus—from 
140,000 to 2,000,000 volts... for manual, semi-automatic 
or automatic operation, fixed or mobile, Contact your 
G-E x-ray representative, or write X-Ray Department, 
General Electric Co., Milwaukee 1, Wis., for Pub. AS-104. 


GENERAL ELECTRIC 
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Here N-A-X FINEGRAIN steel proves its versatility, forming readily under the deep-drawing 
operation that pressure cylinder manufacturing requires. For 20-lb. cylinders, .086" N-A-x 
FINEGRAIN blanks, 2114" in diameter, become 12" in diameter and 71%" in depth after the 
drawing operation. Steel Cooperage Division produces cylinders up to 425- pound capacity. 


Submerged arc welding operation joins Here cylinder pressure capacities are Finished product on the job. This cylin- 
the two cylinder sections together. N-A-X tested hydrostatically at 480 lbs. psi, der, meeting all specifications of I.C.C. 
FINEGRAIN again demonstrates its weld- after the fittings have been added. Final code, Section 4BA, contains liquefied 
ability under any process. burst pressure—1650 lbs. psi. petroleum for materials handling truck. 


METAL PROGRESS 


? 
| 
244 
| 


For whatever you make... 


FINEGRAIN STEEL 


BUILDS STRENGTH 
WITH LIGHT WEIGHT 


A significant example of the strength, formability 
and weldability of N-A-X FINEGRAIN steel is to be 
found in the manufacture of liquefied petroleum gas 
cylinders by Steel Cooperage Division of the Serrick 
Corporation, Detroit. 


These lightweight LP-Gas cylinders must be able to 
withstand high internal pressures. Therefore, the steel 
used in their manufacture must have a minimum 
yield strength of 50,000 pounds per square inch and 
a tensile strength of 70,000 pounds per square inch, 
in order to meet the requirements of Section 4BA of 
the I.C.C. specifications. 


On this job, as with so many others, N-A-X FINEGRAIN 
steel resulted in lighter weight, without sacrifice of 
strength and safety. 

Check these important advantages for your job: 
N-A-X FINEGRAIN steel, compared with carbon steel, 
is 50% stronger e has high fatigue life with great 
toughness e is stable against aging e has greater 
resistance to abrasion e is readily welded by 
any process e offers greater paint adhesion e 
polishes to a high luster at minimum cost. And the 
physical properties of N-A-X FINEGRAIN are inherent 
in the “as rolled’ condition. N-A-X FINEGRAIN’S 
resistance to normal atmospheric corrosion is twice 
that of carbon structural steel NOTE: Where 
greater resistance to extreme atmospheric corrosion 
is an important factor, our N-A-X HIGH-TENSILE is 
recommended. 


For whatever you make, from pressure cylinders 
to tractors, with N-A-X HIGH-STRENGTH steels you 
can design longer life, and/or less weight, and 
economy, into your products. Let us show you how. 
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N-A-X Alley Division, Dept. E-5 


GREAT LAKES STEEL CORPORATION 


Detroit 29, Michigan * Division of 


NATIONAL STEEL nn CORPORATION 


N-A-X Alloy Div., Dept. E-5 
Great Lakes Steel Corp., Detroit 29, Michigan 


(_] Please send me technical data on N-A-X FINEGRAIN steel. 
(_] Please have your representative contact me. 


Name Title 


Company. 


Street 


City 


_ 
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skyful of forgings: 


“Hot” aircraft are really hot today. High engine temperatures and the 
increasingly greater temperatures throughout aircraft structure are constant 
problems of high speed flight. 


Put forgings and fasteners of tough, heat resistant alloys are pushing 
back this “heat barrier”, thanks to new metallurgical developments which 
greatly increase their forgeability and machinability. 


Carpenter metallurgists ave perfected a full range of these more-workable 
alloys for elevated temperature service. Forge shops, fastener-makers and 
engine builders find them always uniform, always on the “plus” side of 
strict aircraft specifications. 


Design, application and fabrication properties of these Carpenter alloys are 
covered fully in our new booklet, “Carpenter Alloys for Elevated Temperature 
Service”. A request on your Company letterhead will bring you a free copy 
promptly. The Carpenter Steel Company, 133 W. Bern Street, Reading, Pa. 


improved alloys for elevated temperature service 
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SR-4" Universal 
Testing Machine 
—capacity, 
150,000 Ib. 


SF-10-U Fatigue 
Testing Machine. 
Torsion fixture 
attached. 


BTE Universo! 
Testing Machine 
—capacity, 
120,000 ib. 


Baldwin Torsion 
Testing Machine 
—capacity, 
60,000 in. Ib. 


BALDWIN - LIMA: HAMILTON 
Blectronics & Instrumentation Division 


Waltham, Mass. 
Testing machines * SR-4® strain gages * Transducers 


If testing is important to you 
see BALDWIN first 


Name your testing problem—compression, tension, torsion, 

fatigue, creep, impact. Whatever it may be, Baldwin can 

supply you with the finest in testing equipment to solve it. 

On this page are but a few of the many types and sizes of 

testing equipment in the complete Baldwin testing line. 

For detailed information on these or any other Baldwin 

testing equipment, write today and ask to ’ ae 
have a Baldwin representative call on you. 


Impact Testing 
Machine, Chorpy 
Type—capocity, 
2 ft. Ib. 


PTE Testing 
chine —copacity, 
5,000 Ib. 


Baldwin Creep 
Rupture Machine 
with Baldwin 
Model C-2 Recor- 
der attached. 


SF-O1-U_ Fatigue 
Testing Machine 
with tension-com- 
pression fixture. 
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For fast removal of buffing com- 
pounds from all metal surfaces, 
Liquids 35 and 58. 


For acid descaling and derusting of 
steel, Ahcoloid Cleaner 7210, in 
convenient powder form. 


For cleaning aluminum in power 
washers, Ahcoloid Cleaners 
S9-H-5 and 59-H-9, low foaming 
with high detergency. 


For alkaline derusting of steel, 
Deruster + 11. 


For smooth, even deburring of 
metal parts, Ahco Nuggets, fast 
heavy-cutting natural aluminum 
oxide media — sizes from 10-mesh 
to large 1%” of 2” available. 


gee the resutt of 
can. 
aad 
am. 


APOTHEGARIES HALL CO. 


HUSGARD-HALL CHEMICAL CO. 


RATERGURY COMME CTICVT 


Leaded Steels . . . 


Within the interdendritic regions the 
distribution appears to be quite ran- 
dom. If the lead and sulphur con- 
tents are plotted over areas of in- 
terest in the ingot the two plots are 
almost exactly parallel. Consider- 
able effort was expended to detect 
the presence of lead compounds by 
means of X-ray and electron diffrac- 
tion. Only lead and manganese 
sulphide have been found so far and 
it seems safe to conclude that the 
lead present is largely, if not en- 
tirely, elemental lead. This implies 
that lead and manganese sulphide, 
although segregating by different 
mechanisms, are forced into the same 
areas as a result of the fact that both 
are trapped in the last metal to 
solidify in interdendritic spaces. 


In general, the distribution of 


lead and the size of lead particles 
are a function of the time required 
for solidification in relation to the 
settling rate of lead particles. 


Bars 3% X 4 in. were cut from 


ingot locations represented by the 


micrographs and were hot rolled. 
Microradiographic foils and metal- 
lographic samples were taken after 
50, 75, 90 and 98% reductions. 
These samples show that as rolling 
proceeds the manganese sulphide in- 
clusions gradually assume the len- 
ticular shape which is characteristic 
of hot rolled high-sulphur steels. As 
the rolling progresses the position of 
the lead particles is changed and 
eventually they assume the form of 
sheaths at the ends of the elongated 
sulphide inclusions. This condition 
is typical of leaded high-sulphur 
steels. The effect appears to be 
mechanical. At steel rolling tem- 
peratures the lead is molten and the 
liquid metal in contact with the non- 
metallic inclusions is forced to each 
end of the less plastic sulphide by 
a sort of extrusion process. 
Occasionally, a sulphide inclusion 
completely enveloped with lead is 
observed. Apparently this is caused 
by variation in the relative amounts 
of lead and sulphide present as one 
inclusion. There is an interrelation- 
ship between the masses of the in- 
clusion constituents during solifica- 


“ROCKWELL TESTING’ 
DOLLAR! 


is precision built to give 
aranteed precision results. 
ousands of Clarks, with 
years of service all over the 
world, attest to this. 

The surprisingly low price 
includes the precision Clark 
Diamond Cone Penetrator, 
as well as Steel Ball Pene- 
trators, a wide assortment of 
Anvils, Test Blocks, and 
other accessories. Available 
in two models, for Standard 
and Superficial “Rockwell” 
hardness testing, each with 
choice of 4”, 8”, 12”, or 
16” work capacity. 

Before you invest in any 
hardness tester, get the facts 
about the low price, speedy 
delivery, and guaranteed accu- 
racy of the Clark. Write today. 


CLARK INSTRUMENT, INC. 


METAL PROGRESS 


METAL FINISH | 
| 
| 
4q 
1 
THE MOST FOR YOUR 
rv The Clark Hardness Tester [i> 
| 
DEARBORN, MICH., U.S.A. 


for more than 
a half century 
oe F & D FURNACES 
HAVE BEEN DESIGNED 
AND BUILT FOR 


ANNEALING 

ATMOSPHERE GENERATORS 
BILLET HEATING 

BRIGHT ANNEALING 
BRIGHT HARDENING 
CARBURIZING 


CONTINUOUS CONVEYOR 
FURNACES OF ALL KINDS 


CONTROLLED ATMOSPHERE 
DRAWING 

FORGING 

GALVANIZING 

HARDENING 

HEAT TREATING 
INVESTMENT CASTINGS 
NORMALIZING 


QUENCHING AND HEAT 
TREATING MACHINES 


RADIANT TUBE FORCED 
CONVECTION FURNACES 
FOR HEAT TREATMENT 
OF ALUMINUM . 


REHEAT FURNACES 

ROTARY HEARTH FURNACES 
SCALE FREE ANNEALING 
SCALE FREE HARDENING 
SLAB HEATERS 

SINTERING 

TINNING 


GAS AND FUEL OL FIRED 
OR ELECTRICALLY HEATED 


FLINN & DREFFEIN ENGINEERING CO. 


‘ 


for All Industries 


The Flinn & Dreffein Engineering Company designs and erects heat treating furnaces 
to job specifications for all industries. We have built the majority of conveyor chain 
furnaces in the industry, including Pair and Pack Furnaces and normalizing furnaces 
vm for sheet mills. All furnaces are of heavy steel mill construction with complete satis- 
o faction guaranteed. We invite you to call on F & D’s many years of furnace designing 
and building experience when next you are planning for heat treating production. 


STRESS RELIEVING 
FURNACE 
With an inside length of 80 fect, 
this Car Type Stress Relieving 
Furnace shcwn at the right is ex 
emplary of the numMérous insta!- 
lations of this accredited to 
F & D furnace engineers. 


When you are considering heat treating furnaces for any industry, call or write the 
Flinn & Dreffein engineer near you. Offices in principal cities. 


FLINN & DREFFEIN ENGINEERING CO. 


36 South Wabash Avenue e Telephone STate 2-4071 e¢ Chicago 3, Illinois 
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NORMALIZING FURNACE 


This unit which was expressly designed 

and built for a manufacturer of seamless 

tubing, pipe and casing employs the use 
of a pusher type chain conveying the stock 

through the furnace at a capacity of 30 
} tons per hour. 


HARDENING FURNACE 


A specialty of F & D design has been the 
Screw Hearth Heating and Hardening Fur- 
nace as shown at the right. This, together 
with other quench and Draw Furnace 
equipment,has made up the entire heat 
treating lines for manufacturers of coil 
springs for the railroad and automotive 
industry. 


REHEAT FURNACE 


The 85 foot long multiple fired reheat fur- 
nace pictured to the left was built for the 
heating of ingots in a large west coast 
merchant mill operation. F & D has suc- 
cessfully designed and built many such 
installations throughout the world: 
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Power packed for rugged GRINDING, SANDING and POLISHING 
jobs—continuous, trouble-free, efficient performance! 


For 17 years Gaston has concentrated on the development of power tools 
for industrial use only. As a result of this research and design, Gaston 
tools are in a class by themselves. 


MOTORS are precision built. 3 phase Gaston motors deliver full power, 
with constant speed of 3400 rpm, even under continuous load. The motor 
has NO brushes, NO commutator, NO rotor windings, which means a 
simplified unit that is both practical and long wearing. 


Maintenance is held to a minimum because the Gaston motor is equipped 
with large, lifetime bearings—prelubricated and sealed. 


HOUSING totally encloses motor, keeping it free of dust and dirt— 
assuring extra years of trouble-free motor life. The air cooled housing is 
patented and is made of high tensile aluminum-magnesium alloy. 


CORD is heavy duty #16 4-conductor which keeps the unit grounded 
at all times. The cord is light, flexible, and impervious to oil and grease. 


GASTON DISC GRINDER 


Specially designed for HEAVY DUTY grinding, sanding and 
wire brushing operations. It provides an unbeatable combination 
of speed, ease of operation, and high production. Each grinder 
is complete with guard for 6” diameter cup wheels and 20 feet 
of 4-wire conductor cord. Available in 3 sizes. Shaft—%” x 11 
Thread or Plain. Flexible shafts also available for all models. 


GASTON EDGE GRINDER 


Made for corners, edges, welding beads, and places where cup 
wheels cannot be used. Each grinder is complete with guard for 
8” diameter wheels and 20 feet of 4-wire conductor cord. Avail- 
able in 3 sizes. Flexible shaft also available for all models. 


3 phase—60 cycle—3400 rpm 


60 Model HP Voltage Weight 

phase—60 cycle— rpm 3224 1 240 22 Ibs 

Model HP Voltage Weight 3324 1% 240 26 Ibs 

2224 1 240 19 Ibs 3434 2 240 30 Ibs 
2324 1% 240 22 Ibs 
2424 2 240 26 Ibs 


For more information and prices on the GASTON 
aed POWER TOOLS shown and others available, call 
or write: 


GASTON Power Tools are profitably used in production and 
maintenance by: IRON WORKERS - STEEL FABRICATORS 
RAILROADS - FORGING SHOPS - WELDERS - FOUNDRIES 
BOILER SHOPS - Manufacturers of MACHINERY - DAIRY 
EQUIPMENT - FARM EQUIPMENT KITCHEN and 
RESTAURANT EQUIPMENT and many others 


FLINN & DREFFEIN ENGINEERING CO. 
Distributors of GASTON POWER TOOLS 

36 South Wabash Avenue - Chicago 3, Illinois 

Telephone STate 2-4071 


PRINTED IN U.S.A. 
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ALLOY 815-R: A new iron -chromium- 
aluminum alloy developed especially for use 
on precision resistor applications. P 

high resistivity and low temperature co- 
efficient of resistance, plus high strength, 
excellent ductility, and stability over a 
wide temperature range. 


CHROMEL-C: A 60-16 nickel-chromium- 
iron alloy widely used in small heating 
appliances and cold resistors where high 
resistances are required within limited 
space. Its stability and uniformity minimize 
design variables, permit more efficient pro- 
duction of better units at lower cost. 


CHROMEL-ALUMEL: The most accurate and 
most durable base metal thermocouple 
alloys ever developed. Made exclusively 
by Hoskins, they are the accepted stand- 
ards for controlling heat treating opera- 
tions wp to 2300°F. and for measuring 
temperatures of jet aircraft engines. 


ALLOY 46: A gas-free nickel-iron alloy 
developed especially for use as a terminal 
material for power resistor units. It is 
readily ‘‘wetted"’ by enamel to produce a 
good bond, and its coefficient of expan- 
sion is very similar to that of enamels 
used for such applications. 


CHROMEL-D: A time proven low nickel 
heating element alloy for controlled at- 
mosphere furnace applications. Highly re- 
sistant to sulphur attack ond preferential 
intergranular oxidation, it gives long-life 
service in the critical temperature range 
between 1500° and 1800°F. 


Wire, ribbon, rod and strip for electrical resistance, 
thermo-electric and mechanical-purpose applications 


When it comes to developing and producing custom quality alloys 

for electrical resistance, thermo-electric, and specialized mechanical 
purpose applications, you'll find that Hoskins has what it takes to 
meet your most critical requirements. Complete metallurgical 
research and development facilities, for one thing. Modern melting and 


H Life in Vacuum—The special vacuum atmosphere 
processing equipment, for another. More important, though, is an 
abundance of human talent... people who have the experience, the and built by Hoskins for use in developing new 
heating element alloys which will give improved 
know-how, and a sincere desire to deliver exactly what you 

want when and where you want it. Try them and see! vacuum atmosphere heat treating equipment. 


HOSKIN S manvuracturine ComMPANY 


4445 Lawton Avenue -« Detroit 8, Michigan 
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3.4 METER CONVERTIBLE 
SPECTROGRAPH 


The JAco Ebert offers highest resolu- 
tion and dispersion, assures unsurpassed 
precision and sensitivity for analyses of 
ordinary materials as well as ‘super- 
alloys, rare earths and transuranic ma- 
terials. Only the JAco Ebert embodies 
every desired feature for fast, reliable 
results plus simplicity of operation never 
before attained in so versatile a spec- 
trograph. Normal peak analytical limits 
are easily extended through use of op- 
tional Order Sorter. 


Learn more about the JAco Ebert — 


Best for 


QUALITY CONTROL 


and 


RESEARCH 
ANALYSIS 


Highest dispersion 


and resolution 
of any 
spectrograph! 


Flexible: High for routine 
analyses . “aie igh dispersion and 
resolution for ¢ hecking line interfer- 
ence, line pe, self-reversal; 
isotopic analyses. 


Simple: by non-tech- 
nical personne 


reliability, ver- 
satility .*. . eliminates critical 
adjustments. 

Wide Coverage: ith 20" camera, 
single exposure ae — at high dis- 
persion — the most sensitive lines of 
all metallic elements (except alkalies). 


Leaded Steels .. . 


tion and subsequent hot working. 
In general, sulphide inclusions which 
are severely elongated and broken 
up during rolling exhibit fine “tails”. 
Conversely, oval type sulphides re- 
tain relatively massive lead particles 
as sheaths. 

In the as-cast ingot, there are oc- 
casional lead particles which are not 
associated with sulphide inclusions. 
During hot working these particles 
are severely elongated and appear 
ultimately as fine stringers of lead. 

Microradiography is a useful tool 
for investigating the morphology of 
leaded steels, especially when used 
in combination with standard 
metallographic methods. 

D. J. Grrarpi 


Residual Stresses in 


Carburized Cases 


Digest of “The Distribution of 
Residual Stresses in Carburized 


write today for free 8-page catalog. 


Jarrell-Ash Company 
22 Farwell Street, Newtonville, Massachusetts Cases and Their Origin,” by 


Calif. Tinley Park, I. . ¥. 


xX ™* diffraction techniques are 
used to measure the stress dis- 
ja : tribution and retained austenite in 

aon. OF EQUIPMENT carburized cases of S.A.E. 8620, 
aes wi BURNERS & FUBNACES (Heat Treating, Melting, Soldering) 1118, 1018 and 5140 steels. The 
data support the theory that the 


NO mowen on OTHER POWER NEEDED origin of the compressive stress in 


the case lies in the sequence in 
just connect to gas supply! which transformation of austenite 


occurs in the case and in the core. 
The magnitude of the compressive 
stress in the case is governed by the 
extent of austenite transformation to 
martensite. 

Specimens in this study were gas 
carburized to a depth of about 0.045 
to 0.050 in., quenched from the car- 
burizing temperature in oil and tem- 
pered at 300° F. for % hr. Speci- 

ATMOSPHERIC POT FURNACES for Te studied were 0.250 in. thick, 

cyanide, salt bath and lead harden- with both length and width of about 

ing — temperatures to 1650° F. ic 1.5 in. S.A.E. 8620 specimens were 

BENCH TYPE OVEN FURNACES for 0.500 in. thick. Measurements of 
residual stress and phase composi- 
tion were made on the surface after 

electropolishing to prescribed depths. 
Precision X-ray techniques were used 
in which reproducibility and ac- 
curacy were satisfactory. Carbon 
contents were determined by chemi- 
cal analysis of chips machined from 
the surface of simultaneously treated 


f 
INDUSTRIAL 


Outstanding service since 1911! Each 
unit, with the famous “BUZZER” Venturi, 
delivers the hottest, quickest heat 
attainable without a blower. Full range 
control of heat and turn-down. Standards 
or specials available for manufactured, 
natural or liquefied gas applications. 
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SERIES 58 


SERIES 53 


MAGNI-CHANGER 
Desired magnifications simply 
“dialed-in" by rotation of 
calibrated cylinder 


GET THE WHOLE AO CYCLOPTIC STORY. . . REQUEST LITERATURE TODAY. 
HARSHAWV SCIENTIFIC 


Division of the Harshaw Chemical Co. + Cleveland 6, Ohio 
Sales Branches and Warehouses 
Cleveland 6, Ohio Detroit 28, Mich. Los Angeles 22, Calif. 
1945 East 97th St. 9240 Hubbell Ave. 3237 S. Garfield Ave. 
Cincinnati 13, Ohio Houston 11, Texas Philadelphia 48, Pa. 
6265 Wiehe Road 6622 Supply Row Jackson & Swanson Sts. 
Sales Offices: 2. ¥. * Pittsburgh 22, Pa. * Ockland 11, Calif. 
Baton Rouge, La. * Hastings-On-Hudson, N. Y. 
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SERIES 56 available through ne SERIES 59 
a Series offers you the exact model tog 
"meet your very need. 
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TEMPERATURES 
ACCURATELY 


PYRO 


OPTICAL 
PYROMETER 


Instantly meas- 
ures temperatures 
of minute spots, 
fast moving ob- 
jects, smallest 
Streams. Stock 
ranges from 1400° 
F to 7500° F. 


Send for free catalog No. 85. 
and 
PYRO 


SURFACE 
PYROMETER 


Quick-acting, pre- 
cise, with easy-to- 
read 434” dial. Five 
Standard ranges — 
0° to 300° F to 0° 
to 1200° F for sur- 
face and sub-sur- 
face temperatures. 
All sub-zero and 
special ranges. 


Send for free catalog No. 168. 


PY ROMET" 


INSTRUMENT 


BERGENFIELD 8, NEW JERSEY 


Residual Stresses . . . 


specimens. Decarburization of the 
surface up to about 0.002 in. oc- 
curred during quenching. 

For the 8620 steel, maximum 
compressive stresses occurred at a 
depth of 0.030 to 0.035 in. (ap- 
proximately 60% of the total case 
depth) at a carbon content of ap- 
proximately 0.5%. Martensite start 
temperatures were calculated from 
the amount of retained austenite as 
a function of case depth. Combin- 
ing this information with calculated 
cooling curves indicated that the 
transformation of austenite would 
occur in the sequence necessary to 
generate the compressive stresses 
observed. Other grades of steel 
studied showed similar correlations, 
with the magnitude of the compres- 
sive stress being determined by the 
amount of retained austenite. 

The general conclusions reported 
by the author were as follows: 

1. The magnitude and distribu- 
tion of the compressive stress at 
every depth in a carburized case is 
determined by the extent of the 
transformation to martensite and the 
sequence in which these transforma- 
tions occur. 

2. Maximum compression occurs 
at 50 to 60% of the total case depth. 
In low-carbon core samples studied, 
this corresponds very closely to the 
point at which the carbon content 
drops below 0.5%. 

3. The reversal in the sign of the 
residual stress from compression in 
the case to tension in the core occurs 
at or very near the boundary 
between case and core. 

4. Proceeding outward through 
the case from the case-core boundary 
to the point of maximum compres- 
sion, the stress becomes more com- 
pressive due to sequence of the 
transformations to isothermal trans- 
formation products or to martensite. 

5. Proceeding outward through 
the case from the point of maximum 
compression to the surface, the mag- 
nitude of the compressive stress 
decreases as the amount of marten- 
site is restricted by incomplete 
transformation of the austenite. 

6. On some carburized specimens 
thin surface films may occur in 
which there are wide variations in 
phase compositions and correspond- 
ingly wide variation in residual 
stress. D. J. Carney 


Need a Finish 
You Can 
Depend On? 


It will pay you 
to consult 


Somers 


If you are having a problem with the 
finish on thinstrip brass, nickel, copper 
or alloys from .000175” to .010”, 
Somers’ nearly 50 years of specialized 
experience can lick it for you. 

A typical example is the fine grain size 
provided on the exclusive Somers Uni- 
grain® brass for deep drawn parts. 
This requires only a simple color buff 
after drawing for a polished finish; the 
fine grain eliminates heavy buffing 
and orange peel effect. 

Whatever your problems with thin- 
strip metals, they're finished when you 
take them to Somers engineers for a 
complete analysis without cost or ob- 
ligation. 

Write for Confidential Data Blank. 


Somers Brass Company, Inc. 
106 BALDWIN AVE, WATERBURY, CONN. 
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Welding the “natural” way 
with 6 welding positioners 


Downhand welding is faster, easier, more economi- 
cal. And P&H Welding Positioners enable your 
weldors to quickly and easily position their work for 
faster welding in the downhand — the natural — 
position. 

Downhand welding also permits the use of hotter, 
faster electrodes. Penetration is much better, welds 
are smoother, neater, more uniform. 

By simply pressing control buttons, the weldor 
safely positions pieces as heavy as 100,000 pounds 
for maximum comfort and speed of welding. Worker 
efficiency goes up — and so does your production! 
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What’s more, labor and overhead — the vital fac- 
tors that cost you 86¢ out of every welding dollar — 
can be cut in half by using P&H Positioners for weld- 
ment handling. 

Investigate P&H Welding Positioners. Write to 
Dept. 320E, Harnischfeger Corp., Milwaukee 46, 
Wisconsin. 


HARNISCHFEGER 


WELDERS ¢ ELECTRODES ¢ POSITIONERS 
MILWAUKEE 46, WISCONSIN 
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Metals do more all the time... Thanks to Alloys 


whats happened 
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Steels 


Growing demand...availability...economy are putting 


these useful steels into more and more new products 


Manufacturers are finding “200” Series Stainless 
Steels equally practical for such different applica- 
tions as kitchen utensils, truck bodies, building trim, 
appliances and automobile trim—to name a few. 
The usefulness and application of “200” Series 
Stainless Steels grow as designers, fabricators and 
marketers discover how well they combine strength, 
beauty, and corrosion resistance with low cost. 

ELECTROMET produces more than 100 alloys, in- 
cluding those containing chromium, manganese and 
nitrogen for making “200” Series Stainless Steels. 
These steels are the result of basic work carried out at 
ELECTROMET'’s research laboratories. Stainless steel 
producers have been granted royalty-free licenses 
under patents covering these developments. 

Learn more about these new and useful steels. In 
economy ... in availability . . . in practicality—they 


The terms “‘Electromet” and “Union Carbide” are registered trade-marks of Union Carbide Corporation. 
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might well solve your current manufacturing prob- 
lems. Send for booklet 44. Electro Metallurgical 
Company, Division of Union Carbide 
Corporation, 30 East 42nd Street, 
New York 17, N. Y. In Canada: 
Electro Metallurgical Company, 
Division of Union Carbide Canada 
Limited, Toronto. 


Electromet 


FERRO-ALLOYS AND METALS 


UNION 
CARBIDE 
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Autoradiographic Study 
of Self-Diffusion 
in Nickel 


Digest of “Grain Boundary 
Self-diffusion of Nickel,” by W. 
R. Upthegrove and J. M. Sin- 
nott, @ Preprint No. 52, 1957. 


[BE Erect of the angle of misfit 
between nickel crystals on the 
rate of diffusion of radioactive nickel 


along grain boundaries in the tem- 
perature range 700 to 1100° C, 
(1290 to 2010° F.) has been de- 
termined by autoradiography. 
Bicrystals with simple symmetrical 
tilt boundaries were produced by use 
of single crystal seeds. These were 
placed in rotational relationship to 
one another around a common [100] 
axis during controlled cooling of 
melted electrolytic nickel. The angle 
of rotation was the grain boundary 
angle or the misfit angle. Diffusion 
specimens were prepared by sec- 
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Curtiss-Wright Ultrasonic Metal Testing 
insures Quality Control 


Nondestructive Test Equipment Inspects Critical 
Alloy Parts for Thompson Products 


Under high stress conditions of jet aircraft and engine components, slight 
inclusions could become defects. To safeguard against flaws in high alloy 
turbine wheels, Thompson Products Company uses Curtiss-Wright Ultra- 
sonic Test Equipment. High frequency sound waves become unerring 


flaw detectives. 


The Immerscope, basic unit, detects internal flaws and presents them 
as visual pips on the cathode ray tube. The Dual Channel Flaw Calibrator 
(shown above) indicates the size of the flaw. It also provides two addi- 
tional flaw alarm channels which allow a differentiation between size 


and type of flaw. 


By console controlled manipulation, intricate shapes and surfaces may 
be inspected. Defects can also be recorded for immediate correction 


or reference. 


Standard ultrasonic testing and immersion units and automatic inspec- 
tion installations tailored to your applications insure great savings in 
machining time and quality control. Curtiss-Wright engineers are avail- 
able to give prompt consideration to your problems. 


CANADIAN REPRESENTATIVE: 


curt iT OF LIMITED, 
MONTREAL 


INDUSTRIAL AND SCIENTIFIC PRODUCTS DIVISION 


CURTISS-WRIGHT 


CORPORATION CALDWELL, WN. J 


tioning the bicrystals perpendicular 
to the common [100] axis, and these 
sections were then etched and an- 
nealed. They were subsequently 
polished metallographically and 
chemically to produce flat strain-free 
surfaces. A layer of highly radio- 
active nickel-63 about 1 # thick was 
plated over the grain boundary of 
each specimen, which was then 
sealed in a Vycor capsule with a 
tungsten or tantalum getter in a 
dried argon atmosphere. 

Depth of penetration of the radio- 
active nickel along grain boundaries 
was measured by using the auto- 
radiographic permeable-base __strip- 
ping film technique. Each speci- 
men was examined microscopically 
through the film. The distance was 
measured from the surface plated 
with radioactive nickel to the point 
where the activated emulsion along 
the grain boundary ended. 

Penetration of radioactive nickel 
along grain boundaries increases 
with the grain-boundary angle and 
reaches a maximum at 45° — the 
maximum angular misfit. The rate 
of grain-boundary diffusion is appar- 
ently greater than the rate of lattice 
diffusion for all angles of misfit. The 
ratio of the former to the latter varies 
from 10° to 107 for boundary angles 
from 5 to 80° over the temperature 
range 700 to 1100° C. (1290 to 
2010° F.). This ratio increases with 
increasing angular misfit and de- 
creasing diffusion temperature. 

In the temperature range studied 
a plot of the log of the calculated 
grain-boundary diffusion constants 
versus the reciprocal of absolute dif- 
fusion temperatures produced linear 
curves for boundary angles of misfit 
between 30 and 60°. At other 
angles the data showed deviations 
from straight-line relationships, par- 
ticularly at high temperatures. 
These departures probably indicate 
that the formula used for the calcu- 
lations is not precise under condi- 
tions of high temperature and low 
angular misfit. 

The activation energy for diffusion 
in grain boundaries with angles of 
misfit between 20 and 70° is essen- 
tially constant at 26.0 + 1.5 kg-cal. 
per g-mol., which is about twice the 
value previously reported. At lower 
angles the grain-boundary activa- 
tion energy increases rapidly to the 
lattice self-diffusion activation energy 
of 65.9 kg-cal. per g-mol. at 0° angle. 
The following expression was ob- 
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MISCO B 
(25 Cr—12 Ni) 
ALLOY HEARTH 


Here Is... 
Effective, Economical, METAL HEARTH 


The Misco Flexible Furnace Hearth is made 
in simple 4” x 4” interlocking units for 
assembling to any size. Flat on top and 
strongly ribbed underneath, it will not dis- 
tort like a large one-piece plate. Any warp- 
age is limited to a 4”x 4” local area and is 


The Misco Flexible Hearth resists wear and 
impact, is shockproof and practically inde- 
structible. It will protect the hearth brick- 
work up to 2200°F., and can be used over 
and over again. 


not communicated to the hearth as a whole. 


If the underlying brickwork is flat to start 
with, the Misco Hearth will remain flat and 


level until the supporting brickwork itself 
becomes displaced. 


See Our Exhibit 
39th NATIONAL METAL EXPOSITION 
Chicago « November 4-8, 1957 
VISIT US AT BOOTH 1446 


Michigan-Standard Alloy Casting Co. 
One of the World’s Pioneer Producers of Heat and Corrosion Resisting Alloys 
DIVISION OF MICHIGAN INDUSTRIES CO. 


1999 GUOIN STREET - DETROIT 7, MICHIGAN «+ Telephone LOrain 7-1545 
OCTOBER 1957 
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Precise 


TEMPERATURE 
MEASUREMENT 


is one of the 

many applications of the 

TYPE B HIGH PRECISION 
POTENTIOMETER 


«..@ general purpose potentiometer with 

a number of notable refinements, suiting 

it particularly to thermocouple work. 

Distinctive features include: 

@ Three ranges —O to 16 millivolts, 0 to 
160 millivolts and 0 to 1.6 volts. 

@ Three reading dials—effective scale 
length of approximately 175 feet for 
each range. 

® Subpanel switch and slidewire con- 
struction for protection of contacts 
from dust and corrosive fumes. 

@ Special provisions to minimize para- 
sitic thermal emf's—including avto- 
matic compensation of  slidewire 
thermals and gold contacts in galva- 
nometer key. 

@ Exceptional convenience in reading 
and adjustment. 

@ Solid and substantiai construction for 
many years of trouble-free service. 
This standard laboratory potentiometer 
is also well suited for meter calibration, 
for checking portable potentiometers, 
and for other critical measurements of 
D.C. potentials requiring exceptionally 

high accuracy. 


Described in Bulletin 270 


SPOTLIGHT GALVANOMETER 
FOR SHOP AND LABORATORY WORK 
@ Sturdy, short period 
@ Sensitive (up to 1.5 wv per mm.) 
@ Multiple-refiection optical system 
@ 100-Millimeter scale 
@ For null or deflection measure- 


ents 
? Described in Bulletin 320 


RUBICON COMPANY 


Electrical Instrument Makers 
3758 Ridge Avenue « Philadelphia 32, Pa. 
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Diffusion of Nickel . . . 


tained for the lattice self-diffusion 
coefficient, D:, as a function of the 
absolute diffusion temperature, T: 
= 0.48 (—65,900/RT) 
sq. cm per sec. 

Agreement between the lattice co- 
efficients obtained in these experi- 
ments and those recently reported by 
other investigators is very good. 
However, the results of this investi- 
gation did not support a recently 
proposed theory that the coefficient 
for self-diffusion along single grain- 
boundary dislocation pipes is inde- 
pendent of the boundary angle of 
misfit. R. F. Stoops 


Hydrogen Pickup in 
Pickling of Titanium 


Digest of “Factors Affecting 
the Absorption and Distribu- 
tion of Hydrogen in Titanium 
During Acid Pickling’, by C. R. 
McKinsey, M. Stern and R. A. 
Preprint No. 38, 
1957. 


YDROGEN PICKUP and distribution 

in titanium and its alloys during 
acid pickling are controlled by a 
variety of interrelated environmental 
and metallurgical factors. Corrosion 
of the metal surface by the acid re- 
sults in the formation of hydrogen 
atoms which constitute an effective 
hydrogen pressure, and this pressure 
is the driving force for diffusion into 
the metal. Any factor which alters 
the rate of reduction of hydrogen, 
such as changes in acid concentra- 
tion or addition of passivating 
agents, will affect hydrogen pickup. 
For instance, when titanium sponge 
was corroded in both 1% HCl and 
5% HCl for the same length of time, 
the hydrogen pickup for the speci- 
men in the 5% HCl was 3.7 times 
that in the 1% HCl. Also, when 
ferric ion, a passivating agent for 
titanium, was added to 1% HCl, the 
hydrogen pickup in this solution was 
reduced by a factor of 100. 

In predominantly alpha alloys, 
tetal hydrogen pickup is related 
directly to the amount and distribu- 
tion of the beta phase, and the hy- 
drogen absorbed is concentrated as 
titanium hydride in a thin surface 
layer. The presence of beta phase 
results in deeper penetration of hy- 
dride as compared with that obtained 


Graphite 


For 
Oxygen 
Determinations 


Here’s really good news if 
your laboratory is working 
on oxygen determinations! 


Now—for the first time—you can 
get immediate delivery of graphite 
for all three methods of oxygen 
determinations—Spectrographic . . . 
Chemical Bromination . . . or 
Vacuum Fusion. 


Whether you need boats, elec- 
trodes, chips, powder, crucibles and 
funnels—United has it, ready to be 
shipped. This is the United Ultra- 
Purity Graphite that has won ac- 
claim as “Standard of the World.” 


All shapes are accurately machined 
to close tolerances before purifica- 
tion. A matchless degree of purity 
is then uniformly obtained through 
the use of the unique United pro- 
cessing method. Carefully pack- 
aged, your order is shipped within 


hours after it is received. 


WRITE FOR NEW BULLETIN, 
just published, which is replete with 
photographs, specification draw- 
ings and complete information . . 
just specify United folder on 
“Graphite For Oxygen Determina- 
tions”. We'll mail it to you im- 
mediately. 


UNITED 


CARBON PRODUCTS, CO., INC. 
P. ©. BOX 269, BAY CITY, MICHIGAN 
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HOW 
DESIGNERS 


DOLLARS 


... EASY-FLO brazing cuts costs from design to delivery 


The amount of good you can do your product and yourself by ordering Handy & Harman silver brazing alloys is often 
best illustrated by dollars and cents figures. Silver brazing with Handy & Harman Easy-FLo and Hanpy FLux proves itself 
in many ways; its advantages are immediate and significant. The following “brazing benefits” apply to the example 
illustrated here . . . and easily could apply to your product. 


EASY-FLO Brazing: Permits the use of standard materials ¢ Reduces production time (increases production rate) 
Simplifies manufacturing (cuts down on rejects) ¢ Makes a lighter weight product (easier to handle, cheaper to 
ship) @ Often makes a product stronger and more compact 


BEFORE AFTER 


EASY-FLO Brazed Construction 


Cast Construction (Approximate Costs—based on 20,000 run.) 


(Approximate Costs) 


Castings Complete . . . . . . $4.92 Screw Products & Stamping 

Production Time . . 1% hours Total Cost . 


Production Time . . . 40 minutes 


Materials 
335-20 
The gas burner shown here is just one example of how silver brazing can simplify product design and materially reduce 


production costs. Put your product in this picture, the results could be just as beneficial. 


The basics of silver alloy brazing are discussed 
in Bulletin 20. It contains information on joint 
design, production methods and heating methods 


li ical lications. We'd lik 
os copy. You™ fad, ton, Gat HANDY & HARMAN 
questions and problems will receive full coop- - General Offices: 82 Fulton $t., New York 38, %. ¥. 
eration. DISTRIBUTORS IM PRINCIPAL CITIES 
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LABOR SAVED 
50% 
PRODUCTION 


CONTINUOUS HARDENING, 
QUENCHING, DEGREASING, 
DRAWING LINE 


It's one operation instead of four to 
heat treat cylinder liners at Continental 
Motors with the R-S equipment. Electric 
heat treating line is one complete unit 
... temperature is 1575° F. for harden- 
ing, it is oil quenched and the draw 
furnace operates at 1100° F. The at- 
mosphere is controlled through harden- 
ing and quenching operations and 
capacity is 1,300 gross Ibs. per hour. 

R-S Heat Treating unit requires only 
two men instead of four with the con- 
ventional type. Production rate is up 
50% . . . quality is uniformly high... 
and the unit paid foritself in 22 months. 

Why not put these savings into your 
heat treating? Write today for your 
copy of the booklet on better heat 
treating. Ask for R-S 200. No obligation. 


R-S FURNACE CO., INC. 
Philadelphia 44, Pa. 
Car Hearth Furnaces 


Continuous Furnaces 
Rotary Type Furnaces 


Pickling Titanium . . . 


in all-alpha structures. A network 
of beta permits much deeper pene- 
tration of hydride than does a ran- 
dom dispersion. The depth of 
penetration in acicular (martensitic) 
alpha also is greater than in equiaxed 
alpha, indicating the presence of 
retained beta in the structure. 

Beta-rich alloys are much more 
susceptible to hydrogen pickup than 
are the alpha-rich alloys. However, 
the beta alloys do not form hydride 
layers. In an 8% Mn alloy contain- 
ing 75% beta phase and 12,000 parts 
per million of hydrogen, no hydride 
was found in the microstructure. 
This amount of hydrogen is far in 
excess of that predicted by McQuil- 
lan’s thermodynamic extrapolation 
of the beta/beta + hydride phase 
boundary in the titanium-hydrogen 
binary system. However, the pres- 
ence of manganese would be ex- 
pected to modify this boundary. 
Also, as proposed by McQuillan, 
beta may be supersaturated due to 
difficulty of nucleating hydride in a 
body-centered cubic matrix. Large 
amounts of hydrogen in beta-rich 
alloys create internal stresses which 
may lead to intergranular cracking 
and formation of acicular alpha. 

The stability of the hydride sur- 
face layers formed in predominantly 
alpha alloys was studied by heating 
for different lengths of time at tem- 
peratures up to 400° C. (750° F.). 
The hydride layer was unchanged 
after several months at room tem- 
perature or 1 hr. at 100° C. (212° 
F.). After 24 hr. at 100° C. 
(212° F.), some dissociation and 
diffusion had occurred. A similar 
change was noted after 1 hr. at 200° 
C. (390° F.). After 24 hr. at 
300° C. (570° F.) or 1 hr. at 400° C. 
(750° F.), the hydride layer had 
completely disappeared. 

The fact that a hydride layer 
forms during pickling of alpha-rich 
alloys may be important since it 
probably leads to mechanical be- 
havior different from that produced 
by uniform hydrogen content. The 
hydride layer also makes a signifi- 
cant contribution to the total hydro- 
gen content, especially of sheet 
materials. Hydrogen analysis of 
pickled titanium sheet may be in 
error if the original surface is not 
included in the sample analyzed. 

Evers 


THESE 
UNITRON- 
MICROSCOPES 

at Booth *1736 


National Metals Exposition 


Chicago—November 4-11 
ALSO ON EXHIBIT 


UNITRON 
TOOLMAKERS and 
METALLURGICAL 
Model TM 


For precise shop measurements of opaque or 
transparent specimens, as well as for high- 
power examination of polished metal speci- 
mens. Readings to .0001" in three dimensions. 
Substage, surface and vertical illuminators. 
Combination rectangular ball bearing 
stage and circular rotary stage. Inclinable tool 
holder. Coarse and fine focusing. Objectives: 
3X, 10X, 40X. Crossline eyepiece: 10X. 


only $1050 


UNITRON 
VACUUM 
HEATING 
STAGE 


Designed for the study of the microstructure 
of metals at temperatures up to 1100° centi- 
grade. A valuable research aid in the fields of 
transformations, recrystallization, grain growth, 
etc. A special 40X objective with an extra-long 
working distance of 5.8mm is available so that 
observations and photographs may be made at 
magnifications as high as X. After any given 
temperature has been attained, argon gas may 
be introduced as a quench and the resulting 
structural changes in the metal observed. May 
be used with any inverted metallurgical micro- 
scope. 


only $535 


Other UNITRON Metallurgical Models are 
available for as low as $149. 
See and try them for yourse!t! 


UNITRON 


INSTRUMENT DIVISION 
UNITED SCIENTIFIC COM 
204-206 Milk Street + Boston 9, Mass. 
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These typical 17 together took 


are 17 discriminating buyers whose 71 orders and 
preve complete sotisfaction with these JNITRON instruments. 


AMERICAN BRASS MINNEAPOLIS HONEYWELL 
CARNEGIE INSTITUTE UNION CARBIDE & CARBON 
E. 1. DU PONT MISSOURI SCHOOL OF MINES 
GENERAL ELECTRIC REYNOLDS METALS 
GENERAL MOTORS U. S. GOVERNMENT 
GOODYEAR ATOMIC UNIV. OF CINCINNATI 
1. 8. M. UNIV. OF WASHINGTON 


mM. 1. T. WESTINGHOUSE ELECTRIC 


A. 


Model 
U-11 


1195 


BINOCULAR MODEL only $1379 


UNITRON METALLOGRAPH and Universal Camera Micro- 
scope, Model U-Tl: A completely self-contained instrument of 
modern design for visual observation, photography, projection 
and measurement of both opaque and transparent specimens, 
using bright-field, dork-field or polarized illumination. While 
compact in size, it duplicates the performance of large, cumber- 
some instruments. Even laboratories on a limited budget can enjoy 
the accuracy, speed and efficiency possible only with a complete 
installation of this type. 


> Standard optics include 5 parfocal objective lenses with 


revolving 4 on a revolving 
po 3 visual eyepieces, all rot ‘Magnification range: 


> High- intensity illuminator with variable transformer built 
into the microscope base. 


Built-in 344" x camera. The image is automatically in 
focus in the quer ond transition from observation to pho- 
tography is instantaneous. 


» Calibrated pe cue mechanical stage with calibrated rotatable 


stage plate 
Calibrated opporetus, light accessories 
> for transparent spuiutahs filters, micrometer eyepieces, film 


holders, cabinets, dustcovers, etc. ‘oll included. 


» Additional accessories, available at extra cost include: 
Polaroid Land Camera attachment for “60-second”’ 
raphy; 35mm camera attachment; low power 540%) 
objectives; vacuum heating stage for temperatures to li00"c. 


THIS COMPLETE CATALOG ON UNITRON 
MICROSCOPES IS YOURS FOR THE ASKING 


FREE 10 DAY TRIAL 
on any UNITRON MICROSCOPES eee 


Let the instrument prove its value to you—in your 
own laboratory — before you decide to purchase. 
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UNITRON INVERTED y 
Many of the features of the UNITRON Metoallograph U-11, which 
are connected with visual observation of opaque specimens, are 
included in this compact unit. Think of the time which can be 
saved in your laboratory by providing each metallurgist with 
one of these handy, inexpensive units for use at his desk. Model 


MEC is also ideal for use together with a polisher or micro- 
hordness tester. 


> lenses: 5X, 


Standard include 
10X, 40X, X oil immersion 


nosepiece; 3 eye- 

pieces: P5x, Micrometer 10X, coated. Magnifi- 
cation range 25-1500X. 

> illuminator with iris diaphragm. Transformer housed 

base. A microswitch on the bose provides on 


microscope 
cae high intensity for phetography. 

Binocular model has for attaching 
to microscope bose. A 35mm car tach ilable 
attach to the tubo of the model. 
Calibrated square mechanical stoge with calibrated rototable 
stage plate. 
apporotus, 5 filters, dustcover, cabinet, 
etc. 
Additional | i ilabl _at 7— cost include: 35mm 

h K20X yepi for 2000X; transmitted- 
light accessories for transparent specimens; vacuum 
stage. 


Please send me your complete catclog on UNITRON Microscopes. 
Nome and Title _ 


complite only $399 
BINOCULAR MODEL only $599 
ae 
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Heat Treatment... ME Factors influence the pur ‘ Cleaning & Finishing... The metal makes 


chase of all heat treating equipment, mechanisms and 
accessories. Chemical composition, mechanical proper- 
ties and cleaning operations—all demand decisions by 
metals engineers. More advertisers in this field invest 
more dollars in Metal Progress markets than in any 


the difference...determines whether the clean- 
ing operation should be mechanical, chemical 
of electrochemical...the finish — coating, clad 
ding, spraying or plating...there are scores of 
: cleaning methods and finishes...hundreds of 
other magazine nai metals and alloys...ME Factors based on en- 
‘ 4 gineering knowledge must provide the correct 

operation 
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WORLD OF METALS 


mean everything! 


Only metal has the muscle to shatter the thermal barrier. Only the strength, the 
versatility, the economy of metal...can do the job. Metal... working only as metal 
can...created this dynamic age of transportation. 


Metal is made to serve so well by strict adherence to ME Factors... Metals 
Engineering Factors that govern each step of production, processing, fabrication, 
testing and design application. 


Today, the Metals Engineers and the Metallurgists...the experts who know 
ME Factors ...are bound together through membership in the American Society for 
Metals and through readership of Metal Progress... their Society's brilliantly-edited, 
Eastman-researched monthly magazine of metals engineering. Mere than 28,000 
metals engineers eagerly seek the benefits of over 100 million pages of engineering 
information published annually by ASM...vital information, essential to the use 
and application of ME Factors. 


If you sell the metal industry, the success of your products may be determined 
by ME Factors. Do you know these factors? Are you familiar with them? Why not 
check them over with an ASM staff engineer ...he will be happy to provide an ME 
Factor Chart that applies to your products. Phone or write your ASM district man- 
ager for this free service. 


TYPICAL PRODUCTS 
INFLUENCED BY Induction Heaters 
ME FACTORS 


Quenching Fluids Equipment 
Purchase and use of products 
such as these depend upon know!- Atmosphere Preparation 
edge of ME Foctors. . . Metals Salts, 
Engineering Foctors. Only Metal Supphes 
Progress and the American 
Society for Metols concentrate 
on ing int indicators ond Recorders 
volving metcols. Because Metal Ges Somplers und Analyzers 
Proge Automatic Flow ond Pressure Controls 
neering iti 
your business of selling the metal Ges Welding ond Cutting 
industry. Electrical Processes 


CLEVELAND 3: J. Hilty, District Manager * 7301 Euclid Ave. UTah 1-0200 
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Grain Boundary Move- 
ments in Bicrystals 


Digest of ““Unpredicted Grain- 
Boundary Movement in Bicry- 
stalline Aluminum”, by R. B. 
Pond and E. Harrison, @ Pre- 
print No. 43, 1957. 


STDs of the deformation behavior 

of bicrystalline test specimens 
having controlled orientations and 
grain-boundary positions are sup- 
plying some of the information 
needed to bridge the gap in existing 
knowledge of deformation between 
the well-established mechanisms ap- 
plicable to single crystals and the 


more complex actions of polycrystal- 
line aggregates. These investiga- 
tions provide additional understand- 
ing of the nature of grain boundaries 
and determine whether a simple 
dislocation model is adequate to 
account for boundary behavior or 
whether a more complex structure 
of atoms and vacancies is indicated. 

In most of the earlier research 
with bicrystals the specimens were 
prepared in such a manner that the 
grain boundaries extended along the 
longitudinal axis of the specimens 
and therefore parallel to the direc- 
tion of the applied stress. The 
authors point out that in such speci- 
mens translations at the boundary 


are restrained by the grips when 
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SUPERFICIAL 
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International 
Amphitheatre 
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MECHANICAL INSTRUMENT DIVISION 
AMERICAN CHAIN & CABLE 


230-F Park Avenue, New York 17, N.Y. 


applying tension, and their objective 
was to prepare bicrystal specimens 
having the grain boundaries located 
and oriented to avoid the restraining 
influence of grips. 

The ingenious method devised to 
prepare such specimens warrants 
description in some detail. The bi- 
crystalline specimen was produced 
from a single crystal which had been 


‘grown by a modified Bridgman 


technique from high-purity alum- 
inum (99.99+-%). A short zone 
through the cross section of the 
single crystal near the midpoint of 
its length was melted momentarily 
by means of a small oxy-acetylene 
torch. While this restricted zone 
was molten one end of the specimen 
was rotated relative to the other 
about the specimen axis and dis- 
placed slightly toward the other end 
without rupturing the fluid coupling 
between the two ends. By selecting 
the original crystal orientation and 
controlling the amount of rotation 
the authors were able to develop 
either tilt or twist-type boundaries. 

The tests described all were con- 
ducted on specimens having the 
single grain boundary located per- 
pendicular to the applied stress. It 
was observed that these boundaries 
translated during deformation caus- 
ing the specimen to assume a “V” 
shape. In tensile specimens the 
translation was away from the acute 
angle made by the intersection of 
the active slip planes in the two 
grains. In compression specimens, 
the translation was in the opposite 
direction. No bending of the slip 
planes was observed in the vicinity 
of the grain boundary in either case. 

It was determined that the index 
of strain hardening and the stress 
level for a given strain in the ad- 
vanced plastic region were lower for 
bicrystals having grain boundaries 
free to translate than for single 
crystals of the same parent orienta- 
tion. Restraint of the grain-bound- 
ary translation would be necessary 
to produce strength in the bicrystal 
equal to that of the single crystal. 
In polycrystalline materials this re- 
straint is, of course, supplied by the 
presence of additional grains having 
a diversity of orientations. 

These new studies of grain- 
boundary movements should be 
helpful in developing a better under- 
standing of creep and relaxation. 

H. Y. Hunsicker 
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STEEL COMPANY * WASHINGTON, PA. 


OFFICES IN PRINCIPAL CITIES 
Jessop Steel of Canada Limited, Wallaceburg, Toronto 
Jessop Steel international Corp., Chrysler Building, New York, New York 


You buy near-perfection 
when you specify this Jessop steel 


If you visit the Jessop Specialties Division, you'll be 
immediately impressed with the clean, quiet lab-like 
atmosphere, the intensity of effort and care that per- 
sonifies true craftsmanship. For here Jessop processes 
fine Truform oil or Windsor air hardening tool steel into 
one of its top products... precision ground flat stock 
used for the production of highly accurate dies, gages, 
cutters, machine parts, straight edges or the like. This 
Jessop product comes as close to perfection as the steel- 
maker’s art logically allows. Each piece, of any size, is 
highly-finished, dead flat and square, and guaranteed to 
have a thickness tolerance of plus or minus .001 and a 
width tolerance of plus .005, minus .000. An inspector 
double checks the analysis with a delicate Magnetic 
Analysis Production Comparator and a Profilometer is 
used for inspection of the finish. After all tests are passed, 
the stock is carefully wrapped for shipment to Jessop 
customers all over the world. If you have any application 
for this type of product, it will pay you to send in an 
inquiry. Jessop’s pride of accomplishment will make it 
a better buy for you. 
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CHEMICALLY CLEAN WITH VIRGO® ELECTROLYTIC SALT 


How Eaton Manufacturing saves up to 75% 
on salt for desanding 


A short dip in this new, fully mechanized 
furnace, and castings come up complete- 
ly cleaned for the Eaton Manufacturing 
Company. 

Inside the furnace is a new desanding 
salt—Virgo Electrolytic Salt—which costs 
as little as one-fourth as much as com- 
parable electrolytic cleaners. 

This molten salt takes just 15 to 20 
minutes to clean even the hard clinging 
sand, scale, graphite, and other surface 
impurities from iron and steel castings. 

Because of this speed, the new Eaton 


furnace can handle up to 5400 gross 
pounds of castings per hour, heating 
them to 900° F. with 274 KWH/Hr. One 
man operates the entire furnace. 

No acid dip. The Virgo Electrolytic 
Salt process requires no acid dip after 
rinsing. Of course, if other operations re- 
quire it, you can use the acid treatment. 

The bath’s electrolytic action leaves all 
casting surfaces resistant to rust, helps 
keep them clean until further processing. 

Samples tested. We have a bath set up 
in the Hooker laboratories, so you can 


*Designers and builders of mechanized furnace. 


HOOKER ELECTROCHEMICAL COMPANY 


410 UNION STREET, NIAGARA FALLS, N. Y. 


NIAGARA FALLS @ TACOMA MONTAGUE, MICH. NEW YORK CHICAGO @ LOS ANGELES 


prove for yourself how Virgo Electrolytic 
Salt can clean your castings—for less 
money. Write us about submitting sam- 
ples for such test cleaning. 

For technical data on the salt and the 
process, send us the coupon. 


Check here for data on Virgo Elec- 
trolytic Salt and these other Hooker 
chemicals used for cleaning and 
treating metals: 


(1) Virgo Electrolytic Salt 

(1) Virgo Descaling Salt 

0 Virgo Molten Cleaner 

(1) Caustic Soda 

Muriatic Acid 

(1) Nrarx® TRICHLORethylene 


Clip and mail to us with your name, 
title and company address. 
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You can electroplate IO ways better 
with FLUOBORATE Plating Solutions 


1. No mixing or dissolving necessary . . . 


supplied in concentrated solution form 


2. Easier bath preparation 


. Stability of bath composition 
4. Ease of control 


5. Practically 100% anode and cathode 
efficiencies 


6. High conductivity 

7. Good covering power 

8. Fine-grained deposits of good color 
9. Faster, high-speed operation 


10. Readily adaptable for alloy deposits: 
lead-tin and lead-tin-copper alloys 


Plating Versatile Lead-Tin Alloys 


Plating Printed Circuits 


High Speed Wire Plating 


AND MANY MORE ADVANTAGES... 
... enabling you to increase production .. . 


lower your operating costs . . . get easier, 
simpler operations. In addition to the ad- 
vantages listed, each fluoborate bath offers a 
number of special advantages for its particu- 
lar applications. 


Here is the modern way to electroplate. Mail the 
coupon now for complete information. 


8-10 


BAKER & ADAMSON" Fine Chemicals 
GENERAL CHEMICAL DIVISION 
ALLIED CHEMICAL & DYE CORPORATION 
40 Rector Street, New York 6, N. | 
I Please send me, without cost or obligation, 
1 complete technical data on the use of fluoborate 
1 solutions for the following plating applications 
| 
Name 
| 

Title 
Company 
1 AAA 
1 City: Zone___ State 


Plating Electrotype Shells Plating Stereotypes pe 
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Clinker 
is tough 


...here’s one that lasts 


There's an element of abrasion, too, in addition to the heat 
and some corrosion, It’s a 3-way problem which our metallur- 
gists recognize and understand. Duraloy Flights used in many 
kilns are taking care of these three requirements very 
satisfactorily. 


While chromium and nickel in varying proportions are the 
principal alloying elements in most high alloy castings, some- 
times operating conditions call for several alloying elements 
and knowledge of how to use them to bring out certain special 
characteristics, 


In our thirty-five years of high alloy casting experience we have 
encountered and solved some very difficult corrosion — tem- 
perature — strength problems. Perhaps we can help you in 
connection with your high alloy casting requirements. 


URALOW 


OFFICE AND PLANT: Scottdale, Pa. 
EASTERN OFFICE: 12 East 41st Street, New York 17, N. Y. 
ATLANTA OFFICE: 76—4th Street, N.W. 
CHICAGO OFFICE: 332 South Michigan Avenue 
DETROIT OFFICE: 23906 Woodward Avenue, Pleasant Ridge, Mich. 


Mechanical Properties 


of Ti-V Alloys Related 
to TTT Diagrams 


Digest of “Mechanical Prop- 
erties Correlated With Trans- 
formation Characteristics of 
Titanium-Vanadium Alloys’, by 
E. L. Harmon, J. Kozol and A. R. 
—- @ Preprint No. 26, 
1957. 


ICROSTRUCTURAL Changes in ti- 

tanium-vanadium alloys result- 
ing from a variation in alloy con- 
tent and heat treatment exert a 
considerable influence on mechani- 
cal properties. In this investigation 
mechanical properties of alloys con- 
taining up to 24% vanadium are 
related to time-temperature-trans- 
formation diagrams. 

Eight-pound ingots of one group 
of alloys containing 0, 2.5, 7.5, 12.5 
and 15% vanadium were prepared 
by are melting in inert atmosphere, 
and were rolled to %-in. square bar. 
Similar ingots of alloys containing 
5, 11, 20, and 24% vanadium were 
also prepared and rolled to % in. 
square bar. Except for the unalloyed 
titanium all alloys were double melt- 
ed to insure homogeneity. The 0, 
2.5 and 7.5% vanadium alloys were 
rolled at temperatures in the alpha- 
beta field; the remaining alloys were 
rolled in the beta field. 

Dilatometric and metallographic 
specimens were solution treated in 
argon atmosphere; other specimens 
were solution treated in vacuum 
(pressures below 5 x 10° mm. Hg). 
Aging and isothermal treatments up 
to 1020° F. were conducted in salt 
baths; above this temperature lead 
baths were employed. Isothermal 
transformation up to 1020° F. was 
investigated with a quenching dila- 
tometer. Six seconds after quenching 
was the shortest time at which this 
reaction could be observed. Dilato- 
metric study of isothermal transfor- 
mation behavior was supplemented 
with metallographic examination. 

Notched Charpy impact specimens 
were used to determine impact 
transition curves on all of the alloys 
solution treated at 1800° F. Transi- 
tion curves for 11, 20 and 24% van- 
adium aged at 450° C. (840° F.) 
also were determined. 

Mechanical properties were deter- 
mined on both notched and un- 


METAL PROGRESS 


‘ 
4 
Making 
b 
mo 
H 
| “flight 
= 
3 
266 


Get 


Personalized Wareheuse Service 


WISTT WITH US IN BOOTH BO. 226 
AT THE NATIONAL METAL EXPOSITION 
CHICAGO, NOY. 3-9 


Here are some of the stock 
products and services 
Korhumel has for you: 


ALUMINUM 


SLITTING — Rotary slitters han- 
dle coils from the smallest to 
those weighing 25,000 pounds, 
slit to your specifications. 


SHEARING—The finest modern square 
shears are used. We can hold excep- 
tionally close width tolerances. 


WAREHOUSE FACILITIES— Modern ~ 
ment for quick, efficient and careful 
dling assures you clean material. 


KORHUMEL 


STEEL &2 ALUMINUM CO. 
2426 OAKTON STREET, EVANSTON, ILLINOIS 
Warehouses or Sales Offices in 
Cincinnati Davenport Detroit Grand Rapids 
Indianapolis e Kansas City © Los Angeles 
Milwaukee © Minneapolis ® Rockford © St. Louis 
South Bend 
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Ti-V Alloys .. . 


notched specimens. The following 
conditions were investigated: 

1. As-quenched strength (yield 
and ultimate tensile strengths) and 
ductility (reduction of area) as func- 
tions of vanadium content. All were 
solution treated for 2 hr. at 1800° F. 
and brine quenched. 

2. Tensile strength and reduction 
in area on all alloys from 11 to 24% 


vanadium. All were aged to maxi- 
mum obtainable combination of 
strength and ductility. 

3. Tensile strength and reduction 
in area of a 15% vanadium alloy 
quenched from 1800° F. to various 
aging temperatures. 

4. Tensile strength and reduction 
in area of a 20% vanadium alloy 
quenched from the beta region to 
660° F. 

5. Tensile strength and reduction 
in area of aged 7.5 and 12.5% vana- 


Absolute stabilization of vital steel 
and bronze bearing components 
helps insure the dependability of 
SUNDSTRAND AVIATION parts. 


Aircraft bearing parts are ‘‘quick- 
aged”. . . toughened . . . and 
stabilized in a CINCINNATI SUB- 
ZERO 7SR-120-26 Chilling Unit 
which affords SUNDSTRAND high 
capacity in minimum floor space. 
They also like the advantage of 
faster heat control with the Con- 
vection Fluid Agitator, which effect- 
ively reduces chilling time. 


Write today for the free complete- 
line catalog . . . or outline your own 
special low-temperature require- 
ments for a no-obligation survey. 


Visit our Booth 
No. 1583 at the 
METAL SHOW 
Nov. 4-8, Chicago 


| GENERAL OFFICES and PLANT 
3930 R-7 READING ROAD 
CINCINNATI 29, OHIO 


dium alloys solution treated at tem- 
peratures from 1200 to 1330° F. 

6. Tensile strength and reduction 
in area of a 15% vanadium alloy 
brine quenched from 1800° F. and 
aged for various times at 885° F. 

Relative notch ductilities were 
determined for the two following 
conditions: 

1. All alloys solution treated. 

2. Alloys of 11, 20 and 24% vana- 
dium selution treated versus solution 
treated and aged at 840° F. for 
various times. 

Results of the investigations are 
summarized as follows: 

1. As shown by TTT-diagrams, 
vanadium contents of 20 and 24% 
increased the time for alpha and 
omega to form, thus making it pos- 
sible to quench past the omega 
“nose” on these alloys. Omega for- 
mation occurs at shorter times than 
for alpha (0.7 min. versus 2 min. on 
the 20% vanadium alloy and 9 min. 
versus 90 min. on the 24% vanadium 
alloy). 


2. Alloys up to 7.5% vanadium 


consist essentially of alpha prime 
after quenching. The tensile strength 
increases continually with increases 
in vanadium content (45,000 to 135,- 
000 psi.) accompanied by a marked 
decrease in ductility (from 85% to 


30% reduction in area). 

3. The quenched 11% vanadium 
alloy exhibited high ductility (75% 
reduction in area) with low ratio 
of yield to ultimate tensile strength 
(50,000 psi. yield to 105,000 psi. 
ultimate tensile strength). 

4. Quenched 12.5 and 15% vana- 
dium alloys exhibited low ductility 
(7% and 30% reduction in area) be- 
cause of the presence of omega. 
Vanadium contents of 20 and 24% 
retarded this precipitation with sub- 
sequent beta retention and a high 
level of ductility (70 to 75% reduc- 
tion in area), but reduced strength 
(110,000 psi. to 100,000 psi.). 

5. Using the results of tensile 
tests as a basis for heat treatment, 
quenched 11, 20 and 24% vanadium 
alloys were aged to ultimate tensile 
strength of 150,000 psi. Notch sen- 
sitivity in notched tensile tests was 
unchanged for the 20% vanadium 
alloy but increased on the 11 and 
24% alloys relative to the as-quenched 
condition. Impact energy levels 
were lowered for all three alloys, 
which of course had higher tensile 
strengths than the as-quenched 
material. Paut G. NELSON 
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LOOK...NO HANDS! 


That’s right! The May-Fran CHIP-TOTE permits the con- 
tinuous operation of machine tools by eliminating down-time 
for scrap removal . . . skilled workers stay on the job... pro- 
duction increases by as much as 20%! Versatile CHIP-TOTE 
conveyors are available in a wide range of sizes to serve prac- 
tically any type or size of machine tool. Conveyor speed is 
adjusted to meet the scrap removal needs of the machine. 


TURNINGS AND 
BORINGS CONTINUOUSLY 
AND AUTOMATICALLY 


witH AMAY-FRAN CHIP-TOTE 


Write today for your copy 
of Bulletin MF-640 


ENGINE ERIN G, INC. = 1704 Clorkstone Rd., Cleveland 12, Ohio 


Temperature-Time Effect 
on Tensile Properties 
of Aluminum 


Digest of “Effects of Tem- 
perature-Time Histories on the 
Tensile Properties of Airframe 
Structural Aluminum Alloys”, 
by R. E. Fortney and C. H. 
Avery, @ Preprint No. 23, 1957. 


[NVESTICATION of the effect of tem- 

perature-time exposure on the 
yield and ultimate tensile strength of 
2024-T 3 and 7075-T 6 clad alumi- 
num sheet has resulted in data for 
determining tensile strengths in the 
estimated usage range for airframes. 
Temperatures ranged from room 
through 400° F. after complex se- 
quences of exposure in the range 
from room temperature through 500° 
F. for times of 1 through 1000 hr. 
The test data were expanded to in- 
clude all points within the ranges 
mentioned by application of normal- 
ization and generalization procedures 
to the yield and ultimate tensile 
strength data, using semi-empirical 
parameters based on the rate process 
theory. Statistical calculations de- 
termined the degree of conformity 
of test data and generalized equa- 
tions. These equations are believed 
adequate for analyzing the effects 
of service exposure within the range 
from room temperature to 500° F. 
and 1 to 1000 hr. tensile strength of 
airframe alloys at room temperature 
up to 400° F. 

Both single and sequential expos- 
ures were utilized in obtaining the 
data. Tensile specimens of 0.064-in. 
2024-T 3 and 7075-T 6 alclad sheet 
were cut with the axis of each speci- 
men transverse ‘to the rolling direc- 
tion. Tensile strength properties 
were expressed in terms of “percent 
of room temperature properties” to 
minimize effect of inherent material 
variability. 

The tests were carried out in con- 
ventional air furnaces. Various con- 
trol measures taken were: 

1. Temperature control of tensile 
specimens was maintained to + 5.5° 
F. or less of the temperature listed 
for 0.1 and 1.0 hr. exposures. 

2. Temperature control of tensile 
specimens was maintained to + 8.0° 
F. or less for exposure periods longer 
than 1.0 hr. 

3. Time at temperature was con- 
trolled to a maximum variation of 
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200-ton heats 
for 24-foot Lectromelt Furnace 
in Southern steel plant 


First of two 24-foot Lectromelt furnaces installed 
to expand metal making facilities in a Southern 
steel plant. Present heats run 180 tons... 


200-ton heats planned in the near future. 


Lectromelt 


Catalog 9-B describes Lectromeit Furnace 
equipment. For a copy, write Lectromelt 
Furnace Division, McGraw-Edison Company, 
318 32nd Street, Pittsburgh 30, Pennsylvania. 
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Strength of Aluminum... 


1 min. for 100 to 1000-hr. exposures. 

4. Time at temperature was con- 
trolled to a maximum variation of 20 
sec. for 0.1 and 10-hr. exposures. 

5. Triplicate tensile specimens 
were tested at each temperature. 

Modified Larson-Miller parameter 
type curves resulted from the gen- 
eralization of the test data for single 
exposures. These temperature-time 


parameters, plotted against non- 
dimensional tensile strength, make it 
possible to predict the tensile yield 
or ultimate strength of either mate- 
rial at room temperature, 200, 300, 
and 400° F. after almost any normal, 
single, service exposure to which 
these materials will be subjected. 
This generalized data presentation 
greatly assists analysis of tempera- 
ture-time exposures. However, the 
analysis of tensile test temperature 
is very restricted. Reducing the 


NEW UNIMIX MACHINE 


delivers uniform: air gas 


mixture through 
wide: range of 


Unimix Machine with 
manual control lever 


New Eclipse Unimix machine, with easily preset gas 
orifices, maintains constant gas-air ratio as the air 
valve is manually or automatically operated. The 
principle is foolproof — up to nine gas orifices in the 
manifold are simply uncovered, one at a time, as the 
air valve moves toward full-open position. To preset 
delivery from each orifice, simply screw in for less 
gas, out for more gas. Available with either manual 
or thermostatically controlled air valve operation. 


Has same low noise level as the blower alone—easy 


adaptability to dusty air. Models deliver air-gas mix- 
tures for 800,000 to 2,350,000 Bru maximum burner 
input and 215,000 to 500,000 Bru minimum burner 


input. Write for details. 
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curves to a single curve will over- 
come this restriction. To do so the 
nondimensional tensile strength is 
replaced by a ratio of strength at 
test temperature after exposure to 
strength at test temperature with no 
exposure. Further qualifications em- 
pirically minimize the scatter of test 
results. 

F our-step sequential exposures can 
be predicted by calculating an effec- 
tive time-temperature parameter 
for the sequence of exposures. This 
is done by representing each indi- 
vidual exposure by times at a refer- 
ence temperature; this is used to 
calculate exposure parameter (time- 
temperature) for the sequence. A 
comparison of the sequential data 
with the derived single exposure 
curve for nondimensional strengths 
shows close agreement. A statistical 
analysis indicates that over 95% of 
the sequential exposure data are 
within 10% of the nondimensional 
strengths of the single exposure 
curves. D. Hacer 


Influence of Tempered 
Martensite on Fatigue 
Properties of Steel 


Digest of “The Effect of Per 
Cent Tempered Martensite on 
Endurance Limit”, by F. Borik, 
R. D. Chapman and W. E. 
Jominy, @ Preprint No. 16, 
1957. 


T= CORRELATION of microstruc- 

ture with mechanical prope rties 
of steel continues to offer opportun- 
ities for investigation despite ex- 
tensive past work in the field. This 
paper presents a systematic study of 
the influence of the martensite con- 
tent of five steels on fatigue proper- 
ties, particularly the endurance 
limit, after tempering all specimens 
to the same hardness. 

Previous work has led to the wide- 
spread general conclusion that tem- 
pered martensite has superior me- 
chanical properties compared to 
ferrite-bainite-pearlite structures at 
the same tensile strength. The ques- 
tion that remained unsatisfactorily 
answered was the effect of small 
amounts of nonmartensitic constit- 
uents on the fatigue properties of 
predominantly martensitic materials. 

Accordingly, five low-alloy steels 
of similar carbon content — namely 
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QUALITY 
HEAT TREATING 


INTEGRE Y This special floms equipment is typical of ou, 


The Pittsburgh Commercial Heat Treating Company since its establishment 
in 1922 has been providing complete heat treating service of all types and 
for all metals. 

We have specialized equipment and the trained specialists as personnel to 
solve your heat treating problems and to meet your rigid specifications. We do 
what you want and when you want it. 

These special flame hardening machines shown surface hardening large gears 
are typical examples of our specialized modern equipment. 

If you need any of the heat treating processes done that are listed below and 
want them done with service and integrity—call upon Pittsburgh Commercial. 


ANNEALING ELECTROPLATING 
ANODIZING FLAME HARDENING 


INDUCTION HARDENING 


DIES & TOOLS 
CARBURIZING NORMALIZING 


CHAPMANIZING ROTO-BLASTING 


CYANIDING STRESS RELIEVING 
HEAT TREATING OF BAR STOCK AND LARGE FORGINGS 


PITTSBURGH COMMERCIAL HEAT TREATING COMPANY 


49th Street and AV.RR. 1, Pennsylvania 
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Tempered Martensite . . 


S.A.E. 1340, 4042, 4340, 5140, and 
80 B 40 — were quenched at various 
rates to obtain varying percentages 
of martensite, ranging from 100% to 
20%. An end quenched bar was 
used to determine the relationship 
between as-quenched hardness and 
per cent martensite for each steel, 
the per cent martensite being de- 
termined metallographically along 


the bar by four independent observ- 
ers. The nature of the nonmartensitic 
products was not determined, but 
near the quenched end of the bar 
these products are probably bainite 
and ferrite. 

Step-diameter bars were then 
quenched into six different mediums 
ranging in effectiveness from still 
water to still air. From these bars, 
suitable bar sizes and quenching 
mediums were chosen to obtain the 
desired martensite contents. Six 


Here’s the 


accurate way fo test such 
fine precision parts as— 
fine wire « very thin metal « shallow 


superficially-hardened surfaces « 
components « surface coatings « jewels 
plastics « glass « and many other materials 
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Diamond Pyramid Indentors 


Wilson engineers help you choose model to fit 
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Write for Booklet DH-328 for 
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WILSON ““TUKON”’ Micro 
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Testers. 


for Better 
Values 
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REQUIREMENT 


FULLY 
AUTOMATIC 
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REGULAR 
SPECIAL 
SUPERFICIAL 
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MECHANICAL INSTRUMENT DIVISION 
AMERICAN CHAIN & CABLE 


230-F Park Avenue, New York 17, N.Y. 


bars for each series were heat treated 
in the predetermined way, and then 
they were tempered at successively 
higher temperatures until the desired 
hardness of Rockwell C-36 was at- 
tained. The required tempering 
temperatures were approximately 
700 to 1000° F., and the hardness 
ranged from 33.0 to 39.0, but usual- 
ly within 1] point of the desired value 
of C-36. Each series of 12 to 15 
samples was accompanied by 3 check 
samples that were successively cut 
up and checked for hardness and 
microstructure after each heat treat- 
ing step. 

Fatigue specimens, with a min- 
imum diameter of 0.250 in., were 
machined and carefully ground; then 
they were superfinished to a surface 
roughness specification of 0 to 2 
micro-inches. The fatigue bars were 
tested in R. R. Moore fatigue testing 
machines (10,000-rpm. type) to frac- 
ture or to 100 million cycles. S-N 
curves were plotted to determine 
the endurance limits. 

The results show that the endur- 
ance limit is highest (about 90,000 
psi.) for those specimens that were 
fully martensitic before tempering. 
The presence of a few per cent of 
nonmartensitic structures produces a 
surprising drop in the endurance 
limit — down to 82,000 psi. at 85% 
tempered martensite. Below 85% 
martensite the endurance limit de- 
creases slightly until it is about 
76,000 psi. at 50% martensite. There 
is a certain amount of scatter when 
the data are plotted, and the data 
are thus represented by a band about 
7000 psi. wide. 

The endurance limit data for 100% 
martensite agree closely with the 
work of Garwood, Zurburg, and 
Erickson (“Correlation of Labora- 
tory Tests and Service Performance”, 
paper in “Interpretation of Tests and 
Correlation With Service”, published 
by AS.M., 1951, p. 1-77). For 
hardness values of Rockwell C-36, 
the endurance limits for several 
steels of 0.4 to 0.6% carbon content 
fall between 88,000 and 93,000 psi., 
which is very close to the values 
found in this investigation. The 
data do not correlate well with those 
of Hodge and Lankford (“Influence 
of Nonmartensitic Transformation 
Product on Mechanical Properties of 
Tempered Martensite”, N.A.C.A., 
Technical Note 2862, December 
1952) for S.A.E. 4340 steel with 
varying percentages of bainite, fer- 
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WORLD’S LARGEST OPEN HEARTH FURNACE 


57.8.3 


OCTOBER 1957 


Late in 1956, the largest open 
hearth furnace in the world was 
tapped at Weirton Steel Company, 
Division of National Steel Corp., 
Weirton, W. Va. 

Designed and built by Loftus 
Engineering Corp., this huge fur- 
nace has a rated capacity of 600 
tons, is approximately 111 feet 
long by 30 feet wide, and construc- 
tion was completed in less than a 


Designed and Built By Loftus 


year. Operation is simple since the 
furnace is equipped with full auto- 
matic control. 

If you are planning expansion 
or modernization of your heating 
facilities (ferrous or non-ferrous) , 
we would like to demonstrate how 
Loftus’ long experience in furnace 
design and construction can bene- 
fit you. Write us today. There is 
no obligation. 


From first heat to heat treat, look to LO FTuU & 


Engineering Corporation 


1 Gateway Center, Pittsburgh, Pa. 
140 S. Dearborn St., Chicago, Ill. 
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Tempered Martensite . . 


rite, and pearlite formed isotherm- 
ally. Their endurance limit of 
72,000 psi. seems low for their tem- 
pered hardness of Rockwell C-34. 
Desirable additions to this in- 
vestigation would be the study of 
more steels and more hardness 
ranges, and a more precise method 
for measuring the per cent marten- 
site in the as-quenched condition. 


Varying opinions exist on the 
amount of martensite required at 
various positions in quenched parts 
in- order to obtain optimum proper- 
ties. Some specifications require 
90% martensite at % radius, and 
others require only 80% or 50%. The 
data reported here indicate that a 
higher endurance limit would result 
at % radius with the 90% require- 
ment. Furthermore, the likelihood 
of obtaining 100% martensite at the 
surface is greater with the 90% speci- 
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fication. This is important where a 
part is subjected to fatigue loading 
because of the adverse effect of small 
amounts of nonmartensitic products 
on the endurance limit. If 100% 
martensite is obtained at the surface, 
there appears to be little difference 
between the 50% and 80% marten- 
site requirement at the % radius be- 
cause the endurance limit is not 
sensitive to microstructure in this 


range. Davin A. THomas 


Etching Metals by 
lonized Gas 


Digest of “A Method for 
Etching of Metals By Gas Ion 
Bombardment”, by J. B. New- 
kirk and W. G. Martin, @ Pre- 
print No. 8, 1957. 


| ta Metal Progress, June 1954, p. 
108, Padden and Cain published a 
paper describing techniques for 
etching metallographic specimens 
with ionized gases. The present 
treatise describes modifications to 
the system which save time and pro- 
vide better vacuum conditions. 

Ion etching techniques are es- 
pecially applicable to porous speci- 
mens or to samples whose surface 
properties may be altered or de- 
stroyed by heat generated in chemi- 
cal reagent etching. 

The apparatus, constructed of 
glass, is equipped with a 4000-volt 
power source, an electrode for ion 
generation, a field coil to concen- 
trate the ion stream and a pedestal 
on which to position the specimen. 
Auxiliary equipment 
vacuum pump, 
krypton source. 

A mechanically polished specimen 
is placed in the apparatus and the 
system evacuated and flushed with 
argon twice. Final evacuation, to 
a pressure level of ly, is followed 
by the introduction of enough kryp- 
ten to bring the pressure up to 
15. Power is turned on, and the 
ionized krypton etches the surface 
by bombardment. 

Most specimens may be etched in 
less than 5 min., during which the 
maximum specimen temperature 
does not exceed 150° C. (300° F.). 

The procedures are described, and 
examples of alloys which are diffi- 
cult to etch by the more conventional 
wet methods are shown. 

J. L. Wyarr 
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TIONAL ELECTRODES 


FRADE 


PIONEERED BY NATIONAL CARBON COMPANY 


Seven 4” steel rails run length of car sides. Cross-members of A full load of 18” graphite electrodes and nipples in a Chesapeake 
9-gauge steel, wood-faced to prevent gouging, fit into 1 center rail & Ohio damage-free gondola car. The car can be unloaded quickly 
holes to give each compartment a restraining force of 42,000 Ibs. and simply from either end. 
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Twenty seven 35” x 110” electrodes loaded in a new Union Pacific damage-free gondola car. 
Previous gondola car design permitted a maximum load of only fifteen electrodes of this size. 


Now, in addition to assuring safe electrode 
shipments, you can simplify unloading, avoid 
demurrage and greatly reduce dunnage dis- 
posal problems. The reason: new damage- 
free gondola cars developed jointly by 
National Carbon Company and the Evans 
Products Company. 

Thanks to an ingenious system of adjust- 
able bracing, these ““DF’’+ gondola cars 
require minimum dunnage yet carry substan- 
tially greater loads than ordinary gondola 
cars. Unloading from either end of the car is 
quick and simple. Since cars are not tied 
up long and average shipments are larger, 
furnace operators save penalty fees and cut 
handling costs. 


The terms “Naiional” and “Union Carbide” are registered trade-marks of Union Carbide Corporation 
NATIONAL CARBON COMPANY ~ Division of Union Carbide Corporation - 30 East 42nd Street, New York 17, N.Y. 


Helping customers cut costs is only one of 
National Carbon’s customer services. Be sure 
to specify NATIONAL CARBON COMPANY 
ELECTRODES, product of the nation’s foremost 
electrode producer. 


MAVIONAL CARBON give: furnace operciors 
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National service nization 
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Sales Offices: Adianta, Chicago, Dallas, Kansas City, Los Angeles, New York, Pittsburgh, San Francisco. In Canada: Union Carbide Canada Limited, Toronto. 
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to 900° F 


KANTHAL SUPER 
New Resistance Heating Material. 


High temperature performance sur- 
passes all known metallic and sili- 
con carbide elements at continuous 
or intermittent temperatures to 
2900°F in air and many atmos- 
pheres. 


Long Life. Structurally a cermet, 
Kanthal Super maintains mechanical 
strength and physical stability at 
highest temperatures. Protective ox- 
ide formations give long life, reduc- 
ing furnace maintenance costs and 
minimizing shut down time. 


Simplified Installation and Use. 
High surface loadings provide high 
heat output with simple, hairpin or 
straight elements. Rapid increase in 
resistance with heat gives fast warm- 
up, protects against element over- 
loading. Does not age at operating 
temperatures, simplifying power re- 
quirements. 


Powder Metallurgy of 
Zirconium-Uranium Alloys 


Digest of “The Powder Met- 
allurgy of Zirconium-Uranium 
Alloys”, by Herbert S. Kalish, 
@® Preprint No. 30, 1957. 


IRCONIUM-URANIUM alloys were 

prepared by powder metallurgy 
methods at compositions throughout 
the binary system. The powders 
used were zirconium hydride ob- 
tained by hydriding iodide metal at 
800° C. (1470° F.), and uranium 
powder obtained by hydriding the 
massive metal at 225° C. (440° F.), 
decomposing the UH, at 445° C. 
(830° F.) and pulverizing in argon. 
Both powders were —325 mesh with 
large proportions of fines, and con- 
tained 0.2 to 0.3% O, and 0.01% No. 
Powder mixes were weighed out and 
bottle tumbled for 2 hr. in an argon 
dry box, pressed to slabs 3 X % X % 
in., and sintered in a covered 
graphite boat in a sillimanite tube 
in a vacuum of the order of 2 X 10°5 
mm. Hg; temperatures were within 
the range 1120 to 1320° C. (2050 
to 2410° F.), and times 3 or 10 hr. 
All the sintered specimens had a 
bright, metallie appearance, but 
high-uranium alloys tarnished after 
a few days in air. Alloys contain- 
ing less than 20% uranium could be 
pressed in air without significant 
oxygen pickup. 

The use of UH, powder was 
found undesirable, since it oxidized 
in air at all compositions, and a lower 
sintered density was obtained. This 
was attributed to the extreme fine- 
ness of the hydride powder, and the 
high sintering shrinkage (40 to 45% 
by volume) due to the large volume 
change on the decomposition of 
UH; to U. The homogenization of 
the alloys was also slower than that 


| Observed using uranium powder. 


The densification of the alloys, 
which is diffusion dependent in the 
solid solution range — above 860° C. 
(1580° F.) —was rapid, no liquid 
phase being formed even at sinter- 
ing temperatures well above the 
melting point of pure uranium. The 
optimum sintering temperatures in- 
crease at higher uranium contents. 
When sintering above the solidus 
line, only slight deformation of the 
compact takes place if little liquid 
is present, but layer separation was 
observed when considerable melting 
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CONTINUOUS PRODUCTION 


HARDEN, QUENCH AND DRAW 


GALVANIZING 


WIRE AND STRIP PROCESSING 


---and Sunbeam has the experience 


Sunbeam Corporation's Industrial Furnace Division 
has been designing, developing and manufacturing 
Industrial Metal Processing furnaces for over 55 
years. During this period has built fur- 
naces for almost every major metal working com- 
pany in the United States and Canada. Through 
diversified experience and continuous research, 


Gunbeim engineers can design and build the in- 
dustrial furnaces and equipment you need for your 
heat processing requirements. Whether planning 
an expansion, opening a new plant or replacing 
equipment, experience will mean more 
profits and better products for you. 


Make Booth 828 your first stop at the METAL SHOW in Chicago, Nov. 4-8. Several new 
furnace developments with promising applications may be of interest to you. Experienced 
engineers will be on hand to discuss your requirements without obligation. 


Industrial Division 


Papi. 106, 4433 Ogden Av. 
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Zr-U Powder Alloys . . . 


occurs, due to the large density dif- 
ferences between the liquid and the 
solid. At uranium contents above 
80% the sintering must be done im- 
mediately below the solidus, since 
excessive melting takes place at 
higher temeratures, while no appre- 
ciable sintering occurs at lower 
temperatures. Optimum sintering 
temperatures are tabulated. 


All the alloys homogenized rap- 
idly, and the structures obtained 
were in general agreement with the 
published diagram. The existence 
of the intermediate phase y was 
confirmed, as well as the two eutec- 
toids. However, the location of the 
lower eutectoid is thought to be 
610° C. (1130° F.) and near 20% 
uranium rather than the previously 
reported 60% uranium. No reason for 
this discrepancy is suggested. The 
grain size of the sintered alloys 
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World’s Fastest Universal THREADING 
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The NEW Model 1336 Hydro-Magnetic is 


the latest result of a never ending search 
for superior features and applications in 
thread cutting. Now, former costly turret 
lathe, thread grinding and tapping, thread 
milling and die head work may all be 
eliminated. One simplified setup HYDRAU- 
LICALLY duplicates, turns, faces, cuts off 
and automatically THREADS pieces to 32 


inches of thread length and 13 inches in diameter. 

Prominent users report that MAN-AU-CYCLE combines sensitivity, flexibility and 
efficiency with rigidity, increased accuracy and greater ease of operation. And it 
affords a much more complete exploitation of hi-speed, carbide and CERAMIC tooling. 

Write today for complete information on the New Model 1336 MAN-AU-CYCLE 
Hydro-Magnetic and discover how it can solve your own problems more effectively 
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Complete Catalog On Request. 
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Dealer Participation Invited. 


CYCLE 


CORP. OF AMERICA 
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varied between 100 » for the low, 
and 15 # for the high-uranium alloys. 
Longer sintering time had little 
effect on the final grain size. 

The electrical resistivity, hardness, 
ultimate tensile strength and ductil- 
ity of the alloys were determined on 
as-sintered specimens. These prop- 
erties confirm the eutectoid location 
near 20% uranium. The results 
obtained were: 

1. Density — 6.51 to 16.81 g. per 
ce. at 0 to 95% U. 

2. Hardness — Rockwell A-55.5 
through 69.9 to 39.6 at 0 through 
80 to 95% U. 

3. Ultimate tensile strength — 
54,000 through 120,000 to 72,000 
psi. at 0 through 80 to 95%. 

4. Elongation — 12.2 to 17.5% on 
the as-sintered bars—no reduced 
gage section. 

5. Resistivity — 61.1 through 167 
to 46.2 micro-ohm-cm. at 0 through 
40 to 95% U. 

All the alloys can be both hot and 
cold worked. The structures obtained 
are illustrated with photomicro- 
graphs, and the alloy properties tab- 
ulated and illustrated by graphs for 
the full composition range. 

R. J. WastLewsk1 


TTT Diagrams for 
Zirconium-Uranium Alloys 


Digest of “Transformation 
Kinetics of Zirconium-Uranium 
Alloys”, by D. L. Douglass, 
L. Marsh, Jr., and G. K. 
ene. @ Preprint No. 20, 
1957. 


HE TIME - TEMPERATURE - trans- 

formation diagrams for zircon- 
ium-uranium alloys were deter- 
mined. The transformation kinetics 
of zirconium alloys containing 8.85, 
11.1, 14.8, and 20.7% uranium were 
studied by metallographic and X-ray 
diffraction techniques. 

Crystal-bar zirconium and center- 
cut biscuit uranium were double- 
are melted in vacuum in water- 
cooled copper crucibles. The ingots 
thus formed were forged at 800°C. 
(1470°F.) and were then rolled to 
%-in. rounds at 750°C. (1380°F.). 

Specimens were heat treated in 
two manners: Isothermal - transfor- 
mation specimens were sealed in 
Type 304 stainless steel tubes and 
suspended in a salt bath at 950°C. 
(1740°F.) for 1 hr. to insure that 
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46 8 0 12141618 
Pete STRIP CHART RECORDERS—SINGLE-POINT 
— STRIP CHART RECORDERS—MULTI-POINT 
STRIP CHART RECORDING CONTROLLERS 
CIRCULAR CHART RECORDERS 
CIRCULAR CHART RECORDING CONTROLLERS 


Unitized design brings unparalleled accuracy, rugged- 
ness, ease of maintenance to this line of electrical instru- 
ments. Control instruments utilize a unique control- 
relay in which live circuits are never broken . . . always 
made. Strio chart recorders available in single-point, 
1 to 12-point, and 1 to 24-point models. 


WESTON 


—all electrical and 
pneumatic control forms 


WESTON —the world’s leader in instrumentation for 
measurement, recording and control—is the best single 
source for all your temperature instrument require- 
ments. You'll find exactly what you need within the 
complete WESTON line . . . the unit that will fill your 
specifications most efficiently, most economically. For 
complete information on any instrument, contact the 
WESTON representative in your vicinity, or write 
WESTON Electrical Instrument Corp., Newark 12, N. J. 
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Proof of Vulcan Tool Steel Superio 


Cold rolling of critical heat resisting alloy stator vanes at D.E. Makepeace Company, Attleboro, Mass. 


Vulcan Service PLUS TCM Steel 


H.K. PORTER COMPANY, INC. 
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solves tough rolling problem 
on jet stator vanes 


Vulcan sales engineers, working closely with the tool experts of 
D. E. Makepeace, faced a tough and exacting problem: How 
to increase the service life of rolls used in cold rolling critical 
jet engine heat resisting alloy stator vanes. 


As a result of joint investigations, design changes were recom- 
mended and adopted. The result? Roll life was multiplied. 


Vulcan engineers went further. Despite the fact ‘that other 
grades of tool steel had been tried and found unsatisfactory, 
Vulcan engineers predicted that additional improvements could 
be made by using Vulcan TCM steel. This recommendation, 
too, was adopted. The result? The already increased roll life 
was trebled. Net result: substantial savings with increased roll 
life, less down time and greater productivity. 


This same engineering help is available to you without charge. 
For the name of your nearest Vulcan representative, write, 
wire or call collect. Vulcan Crucible Steel Division, H. K. Porter 
Company, Inc., Aliquippa, Pa. 


VULCAN CRUCIBLE STEEL DIVISION 
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Zr-U Transformations . . . 


the alloys were single-phase (beta) 
at the end of the solution treatment. 
An isothermal treatment was 
achieved by quenching the capsules 
into an intermediate salt bath main- 
tained at the desired temperature 
and by holding for a given time and 
then water quenching to room tem- 
perature. Also, studies by direct 
quenching were made on samples 
sealed in evacuated Vycor tubes 
which were solution treated and 
quenched immediately in ice water. 
The martensitic transformation of 
alpha zirconium was detected by the 
thermal arrest disclosed by a gas 
quenching technique similar to that 
used by Greninger. 

Diffraction patterns by back-re- 
flection methods were obtained from 
rotating silver specimens using man- 
ganese radiation. High-temperature 
diffraction patterns from a thin silver 
sample were also made in a vacuum 
camera. TTT-curves were drawn 
on the basis of metallographic ex- 
amination correlated with X-ray dif- 
fraction results. Transformation of 
beta to alpha proceeded rapidly 
within 1 min. for all alloys. The 
knee of the curves occurred between 
the beta/beta + alpha transus and 
the eutectoid temperature for all 
alloys. Increasing the uranium con- 
tent retarded the initiation of the 
reaction at the knee from 10 sec. to 
about 60 sec. for the 20.7% uranium 
alloy. At all of the eutectoid tem- 
peratures, increasing the uranium 
content was even more effective in 
retarding alpha precipitation. The 
alpha precipitate was coarser with 
the higher transformation tempera- 
tures and appeared to coalesce and 
coarsen when the specimens were 
held isothermally for extended 
periods of time. The alpha formed 
at 650° C. (1200° F.) during 120 
min. exposure, however, was barely 
resolvable at 1000 X. 

The curves extended below the 
eutectoid temperature until they 
intersected either the M,, B, (bain- 
ite-start temperature), or the E. 
(start of epsilon prime transforma- 
tion). In the alloys of higher 
uranium content, precipitation of 
alpha zirconium was retarded and 
precipitation of supersaturated ep- 
silon, an intermediate phase (EF), 
was accelerated. The epsilon prime 


phase formed during the final quench 
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There’s an AJAX FORGING MACHINE... 


— For Every Field of Upset Forging in Industry 


B U | LT | N Choose from a complete line of AJAX Forging Machines to make the . 
forged parts you need— \ 
T W E LV E AUTOMOTIVE — Transmission Tractor Forgings 


Gears— Flanged Axle Shafts— 
Crankshaft Flanges & Drag Links RAILROAD—Freight Car Brake 


S | Z E S Levers—Grab Irons & Brackets 
FT—Cyli H 
Jet Blade Blanks For Higher Production and 
] se t 12” more accurately Forged Parts— 
° AGRICULTURAL—Implement & Specify AJAX Forging Machinery 


SERVING THE FORGING INDUSTRY SINCE 1875 


d 


AJAX 8” FORGING MACHINE 


AIRCRAFT AUTOMOTIVE RAILROAD 
7 
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AJA METAL WORKING ‘MACHINES 


FORGING PRESSES —- FORGING MACHINES — FORGING ROLLS — AJAX-HOGUE WIRE DRAWERS 


THE AJAX MANUFACTURING COMPANY ..............00-. CLEVELAND 17, OHIO 
CHICAGO OFFICE: 110 S. DEARBORN ST., CHICAGO 3, ILLINOIS 
W. P. WOOLDRIDGE CO. - BURLINGAME, CAL.- LOS ANGELES 22, CAL. 
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space, cuts costs, needs only small investment 


Combining solvent degreasing with automated work handling, 
the new DETREX 1D0750 provides thorough cleaning of such prod- 
uch us nuts, bolts, fasteners, stampings and screw machine parts. 
in-process cleaning—cleaning before and after heat treatment— 
cdeaning before plating, phosphatizing, bright dipping, etc. 
—final cleaning—all are handled with important savings In 
initial investment, operating costs and space requirements. 
Steam heated and measuring only 6’ 6” wide and 6’ 0” high, 
ond 4'0” in direction of work flow, the 1DD750 handles five 
cubic feet per hour with a rated capac- 
ity of 2000 Ibs. steel or brass per hour. 


Only DETREX produces both equipment 
ond chemicals to fill the widest range of 
metal cleaning and processing needs. 
DETREX can properly recommend, install 
and service the right combination of 
for = application. 


501, DETROIT 32, MICHIGAN 


Zr-U Transformations . . . 


from about 750° C. (1380° F.), 
which was indicative of beta enrich- 
ment during alpha precipitation of 
the 8.85% uranium alloy. Transfor- 
mation of the 11.1% alloy produces 
similar structures as observed in the 
8.85% alloy. 

The matrices of the alloys studied 
consisted of epsilon prime while the 
general type of precipitate which 
dominated microstructures was alpha 
precipitation formed by a Widman- 
staitten mechanism. 

During direct quenching from the 
beta region to room temperature, 
the three alloys containing the lowest 
uranium contents transformed to a 
martensitic alpha, designated alpha 
prime. Alapha prime is a distorted 
supersaturated, closely packed hex- 
agonal! alpha zirconium. 

No alpha prime was observed in 
the 20.7% alloy under the quenching 
conditions, although it has been re- 
ported by other workers. It is be- 
lieved, however, that the alpha prime 
had the uranium content of the beta 
phase from which it formed. 

Traces of epsilon prime were de- 
tected in samples quenched from 
1000° C. (1830° F.). The nature of 
the epsilon prime phase is contro- 
versial. It appears to form very 
rapidly and could nucleate either 
athermally or isothermally. 

The degree of supersaturation 
believed to exist in alpha prime 
would seemingly involve a harden- 
ing reaction due to the formation 
of martensite. Little hardening, 
however, was observed and this re- 
sult may be explained by the lack 
of coherency between alpha prime 
and parent beta phase. The small 
amount of hardening observed might 
be traceable to oxygen contamina- 
tion. The highest uranium content 
to form alpha prime was the 14.3% 
alloy. An appreciable amount of 
epsilon prime was formed along with 
alpha prime. Alpha formed prior 
to epsilon in all four of the alloys 
investigated. Consequently, epsilon 
was probably formed from a beta 
phase enriched in uranium. There- 
fore, the precipitation of epsilon was 
restricted to a rather narrow tem- 
perature range for times less than 
6000 min. The precipitation of 
epsilon initiated within 6 to 10 min. 
in the range of about 550 to 590°C. 

(Continued on p. 290) 
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‘4 
IN KITCHEN ACCESSORIES, TOO diferent types of steel ore 
required in the manufacture of 
kitchen accessories. — Stainless Steels 
for trim and assemblies that come in 

STanes our contact with foods — Alloy Steels 

for parts that must absorb punish- 

ment — Carbon Steels for cutting 

blades, frames and cases. The ability 

to constantly produce a wicde.variety 

of quality steels is another reason 

why Sharon has always been a lead- 

ing supplier.to this ever expanding 
ustry. 


For 56 Years 
at NOTE a Quality Name 
in Steel 


CHICAGO, CINCINNATI, CLEVELAND, DAYTON, DETROIT, GRAND RAPIDS, INDIANAPOLIS, LOS ANGELES, NEW YORK PH ADELPHIA, ROCHESTER, SAN FRANGISOD, SHARON, SEATTLE, “MONTREAL, TORONTO 
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[cenum Onde 
PPaseodymum Onde [P| 
| 60 | 
Oxide | | | 
[Samarium | 
FSamanum Oxide | 
A Domestic Rare Earth Operation a 
From Mine to Consumer 


HEAVY MINERALS CoO. is the only rare earth producer in 
the United States which owns and operates its own mines 


Rare earth source materials—monazite and xenotime— pe 
are mined by HEAVY MINERALS and processed at HMC’s 
modern Chattanooga plant into mixed and individual rare Pe oe 
earth chemicals and thorium. Co 
HEAVY MINERALS now has available rare earth oxide and 
salts, cerium-free rare earth oxide and salts, and didymium spew Onde Ne 


(classical) oxide and salts, as well as the individual rare earth hum 
chemicals listed at right. Perhaps one of these materials will 
fit the application you have in mind. 


Send for free informative booklet 


Iam | HEAVY MINERALS CO. Ytterbium 
— 

Lutetium Onde 
RARE EARTH CHEMICALS - THORIUM - HEAVY MINERALS 

4000 NORTH HAWTHORNE, STREET, CHATTANOOGA, TENN. a) 
NEW YORK SALES OFFICE: 261 MADISON AVENUE, N. Y. 16, N. Y. Thorium Oxide ww . 
NOTES: (1) Index of Refraction — Cerium 2.33- 
2.35, Thorium 2.20 (Ig), (2) Dielectric Constant 


— Cerium 7.0, Thorium 10.6, (3) Linear Elas- 
ticity Modulus — Lanthanum 3.820 Kg/mm2 
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4000 NORTH HAWTHORNE STREET + CHATTANOOGA, TENNESSEE 


PROPERTIES OF RARE EARTHS AND THORIUM 


-| Neutron 
lonic | AH. FUS. ibility | Absorption 
M.P.OC | BP. Radius (Keal /mole) | (Kcal /mole) (Cm?/ | Cross-Sect. 
Barns) 
‘11550-1600 73 38 |h.c.p. 22 
1.51 


| 41 1.38 


1.06 


81 2.4 


1.22 | White 
iL 2.2 
White 
111, IV) 2.4 
Black 
2.6 
Lt. Blue 
(i), 2.6 
Off-White 
2.9 

White 
3.7 


Yellowish 
Brown 


Dk. Brown 


White 


5 | Lt. Yellow 


1500-1550 


Rose-red 


1550-1600 


Greenish 
White 


824 (11), 


1.00 | White 


11650-1750 


0.99 | White 
1845 | 4500 | IV .c.c.| 225 | 75-80 VPN 18.6(20°C) 


3050 | 4400 1.80-1.82) White 


REFERENCES: (1) C. J. Gorter, Progress in Low Temp. Physics, North Holland Pub. Co., The above data have been compiled from the litera- 
Amsterdam, 2, 370-371 (1957), @) Donald J. Hughes and John A. Harvey, Neutron Cross ture and are believed to be the most accurate available. 
Sections, Brookhaven National Lab. (1955), (3) F. H. Spedding, A. H. Daane and K. W. Heavy Minerals Co. can assume no responsibility, how- 
Herrmann, J. Metals, 9, 895 (1957). For general bibliography see Reference No. 1. ever, for any errors in the data or the compilation. 
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Electric Resist 
\(Microhm — cm 
45.10} 3.016 
138.20 | 3.86 
| 88.92) 4.472 | 1552 | 3027 |__| 
138.92| 6.162 | 920 ry 
325.8 | 651 | 2315 
140.13) 6.768 | 804 | f.cc.| 754 3.87 75.3 
; 172.1 | 7.3 2600 Cubic 
__| 144.27 7.007 1024 _| | 868] {3.19 | 46 | 
| 
352.0 | 7.42 Cubic 
158.93 | 70 hep! 1310] | | 
| 164.94) 8.799 2327 h. ¢. p. 
| 92 | mm | |cue| | 
398.0 
232.05 | 
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Zr-U Transformations . . . 


(1020 to 1090°F.) for the 20.7% 
alloy. For times less than 6 min., 
alpha precipitated first and epsilon 
prime formed during the final 
quench. Alpha precipitated in a 
Widmanstitten pattern within the 
prior beta grains. The remaining 
beta transformed to a fine-grained 
structure of epsilon prime. No ep- 
silon or alpha was observed in the 


20.7% alloy at low temperatures and 
long times of exposure. 

The conclusions reached from the 
investigation were: 

1. Alpha precipitation was strong- 
ly retarded by increased amounts of 
uranium, particularly at tempera- 
tures in the range of 350 to 500°C. 
(660 to 930°F.). 

2. Alpha prime (martensitic al- 
pha) formed during a direct quench 
from beta region to room tempera- 
ture in alloys containing up to 14.3% 


S rit ong | DIE SETS 


ALL-STEEL 


DIE SETS AT THE PRICE OF 


CAST IRON! 


Bali includes 
new low-priced all-steel sets, Style 
“M” and “L”, at the price level 
of friction-type cast iron die sets. 
Better write TODAY for New 
Low Prices! 


BUSHINGS 


TO ASSEMBLE 
DISASSEMBLE 


PRECISE ALIGNMENT 
FOR’ MILLIONS 
STROKES 


MAINTENANCE; 
ONLY CUP GREASE 
AT GRINDING TIME 


INDUSTRIAL, IC. 


OUNHAM RD., BEDFORD. OHIO 


uranium. No alpha prime was ob- 
served in the 20.7% alloy. 

3. A supersaturated epsilon was 
formed by direct quenching from 
the beta region. The transformation 
appears to be nucleated very rapidly 
under isothermal conditions or may 
possibly nucleate athermally. 

4. Bainitic alpha formed in alloys 
containing 8.85 and 11.1% uranium 
during isothermal transformation be- 
low 550°C. (1020°F.). 

5. Equilibrium epsilon formed iso- 
thermally at temperatures below the 
eutectoid after alpha precipitation 
had occurred. 

G. A. FritzLen 


Ductility of Forged 
Electrolytic Chromium 


Digest of “The Mechanical 
Properties of Forged Chromi- 
um”, by S. A. Spachner and W. 
Rostoker, @ Preprint No. 48, 
1947. 


HE CHIEF PROBLEM with chro- 

mium and chromium-base alloys 
is development of adequate low- 
temperature ductility. The authors 
investigated the ductility of forged 
electrolytic chromium, particularly 
as affected by melting and forging 
practice and test variables. The 
beneficial effects of prestraining at 
elevated temperatures and grain re- 
finement were demonstrated. 

Work was done on a laboratory 
grade of electrolytic chromium con- 
taining 0.56% oxygen and 100 ppm. 
each of nitrogen and carbon, and 
70 ppm. iron. A limited amount of 
work was done on a standard electro- 
lytic grade containing 0.55% oxygen, 
300 ppm. nitrogen, 200 ppm. car- 
bon, and 0.17% Fe, and a low-oxygen 
grade (treated with hydrogen) con- 
taining 150 ppm. of oxygen, 100 
ppm. nitrogen, and 100 ppm. carbon. 

Most of the work was done on 
mert-gas (presumably argon) arc- 
melted chromium. The effect of 
melting current was important, since 
at low currents the material tended 
to form cold shuts on the surface 
while at high melting currents an 
excessive tendency for vaporization 
resulted in voids and holes where 
chromium vapor had condensed 
during solidification. 

Forging was generally started at 
2450° F. and finished at 1900° F. 

(Continued on p. 294) 
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Shown is a Drever Gas-Fired Strip Belt 
Conveyor Furnace for reducing and drying 
copper powder at the rate of 10 tons per 24 
hours at 1000°F. 

In the foreground is a Drever Inert Gas 
Generator for supplying the necessary 


gases to purge the furnace entry and exit 
areas. 


for 
metal 
powders 


4 

= 
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DRYING FURNACES 


In the manufacture of metal powders, an essential step is the 
ability of a furnace to completely reduce and dry metal powders 
and obtain powder of uniform particle density. Experience proves 
Drever Strip Belt Conveyor Furnaces meet these rigid specifi- 
cations. 

Completely integrated sheet belt furnaces are available for 
treating oxides of nickel, iron, copper and tungsten. Powder is 
received from a hopper, leveled on belt and conveyed through a 
highly reducing atmosphere in the heating and cooling chambers. 


Specially designed roll seals keep furnace openings tight 
while the areas are purged with inert gas. Complete temperature 
control as well as product uniformity is inherent in 
the design of these furnaces. They are available for 

fuel firing, radiant tube or electric heating. 


RED LION ROAD and PHILMONT AVE. 
BETHAYRES, PA. 


CONTINUOUS REDUCTION 
| 
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ANOTHER LEW) A 


THE TERRIFIC NEW NO. 4FH 
WIRE STRAIGHTENING MACHINE 
WITH THE SENSATIONAL 
HIGH-SPEED TRAVELING CUT-OFF 


See this high-production machine in 
operation on welding rod at the 
November 4-8. Booth No. 1418. 


The new “FH” series ma- 
chines will be available 
in sizes from Ve” to 1”. 


For many years the Lewis Travel-Cut has been action, high-speed shediteactuating mechanism 

the “Standard of the Industry” in wire straight- is attained without the use of loose links, 

ening and cutting machines. cams or springs. tay... 
Now, a new principle of shear operation This new cut-off in conjunction with an air 

makes possible much higher production with clutch and a variable speed drive, permits 

feed speeds up to 300 ft. per minute. perfect synchronization with the wire at all 
Through simplified design a smooth, positive- feed speeds. 


See Both Machines No. 2CV4 and No. 4FH at the Metal Show 
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AUTOMATIC WIRE STRAIGHTENING AND CUTTING MACHINES 
WITH VARIABLE SPEED DRIVE AND DUAL-CENTER 
STRAIGHTENER ARBOR 


2K The new Lewis No. 2CV series is equipped 
with our Dual-Center Rotary Straightener Arbor 
and can be quickly converted to handle 
shapes by installing our interchangeable 
Roll Straightener. 

This convertible feature — new 
flexibility in wire straight@hing culling 
operations . . onelmachine can serve a double 


THE LEWIS MACHINE COMPANY | 
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Front View No. 2CV4... Capacity 
Yes” to Ye" diameter. (No. 2CV5 
capacity Ye” to diameter.) 


purpose in your plant. Higher production with 
greater accuracy is achiéved through the use 
of a Variable Speed Drive which permits the 
correct feed spee@ (up to 200 FRM) for 
all requirementsg 

The outstanding feature of this series is the 
DUAL-CENTER STRAIGHTENER ARBOR (Pat. 
Pending) for round wire. This feature increases 
the range of the machine and makes it possible 
to precision straighten small diameters below 
the capacity of other machines. 

Other models available to handle .012” to 
1” diameter, as well as shapes. 


NZ 
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PLAST-IRON 
POWDERS 


ELECTROLYTIC AND 
SPONGE IRON POWDERS 


PREMIXED CU-NI-FE-POWDERS 
+C+LUBRICANT 


GROWTH CONTROLLED IRON POWDERS 
HIGH DENSITY !RON POWDERS 


10 STANDARD COMPACTING GRADES 


MODIFICATIONS 
TO FIT YOUR NEEDS 


NICKEL AND MANGANESE POWDERS 
WELDING ROD POWDERS 
CUTTING AND SCARFING POWDERS 
SPECIALIZED IRON OXIDES 


ELECTROLYTIC IRON CHIPS 
FOR MELTING STOCK 


PLASTIC 


JOHNSTOWN, PA. 


Ductility of Chromium .. . 


Strain rates were of exceptional im- 
portance. Hammer forging resulted 
in cracking, while press forging, 
starting with small bites until the 
structure was broken up, was much 
more successful. Even bar stock 
that had been successfully press 
forged could not be hammer forged 
without cracking. 

The effect of temperature and 
strain rate on the strength and duc- 
tility of chromium was investigated 
using a torsion method. The shear 
stress in torsion is half that in ten- 
sion; thus the state of stress for 
exhibiting ductility would be ex- 
pected to be more favorable in such 
a means of evaluation. At tem- 
peratures above 250° C. (480° F.), 
torsion ductility was rather good in 
that at least two complete twists 
could be made before fracture. Ex- 
ceptionally good ductility in torsion 
was noted at 1000°C. (1830° F.). 
Very low torsional ductility was 
obtained at temperatures below 150° 
C. (300° F.). The yield strength in 
torsion was relatively good up to 
750° C. (1380° F.), but became 
quite low at 1000° C. (1830° F.). 


Strain-rate effects from 0.01 to 1 per 
min. were not found to be important. 
The three grades of chromium 
were evaluated for ductility at 750° 
C. (1880° F.). There was no dif- 
ference in forgeability between the 
grades, but, surprisingly, the com- 
mercial grade of chromium showed 
slightly better ductility than the 
others. A limited number of tensile 
tests were performed on the forged 
bars. They indicated excessive brit- 
tleness at room temperature and 
good ductility at temperatures above 
500°C. (930°F.). The tensile 
strength of forged chromium at 
500° C, (930° F.) was only about 
37,000 psi. and decreased to 12,000 
psi. at 1000° C. (1830° F.). 
Transition temperatures of duc- 
tile to brittle behavior were deter- 
mined by incrementally twisting the 
bars at successively lower tempera- 
tures until brittle fracture occurred. 
The base transition temperature of 
forged chromium (laboratory grade ) 
was found to be 50°C. (120° F.). 
Unfortunately, the transition tem- 
peratures for the commercial and 
high-purity grades of chromium were 
not reported for comparison. The 
transition temperature invariably 


See our 


TEFLON 


SEAL 


BOOTH 
No. 1660 


METAL 
SHOW 


Chicago 
Nov. 4-8 


Satisfaction Guaranteed Or 
Money Back TRIAL OFFER 


Fittings are guoranteed to secl pipe 
thread connections permanently agginst all 
oils, practically all known chemicals and gases; 
to seal under high pressures or vacuum; to 
withstand —280° to plus 500° F.; to eliminat 
“overtightening” damage and pipe dope. 
Available in to 24%," pipe thread sizes. 
$10.00 Trial Offer No. 1: eight %”, ten 
%", eight %”, ten pipe thread 

* Fittings 


$10.00 Trial Offer No. 2: eight 2”, ten 
¥%,", four 1” pipe thread OR Fittings. 
Send order to (3) 


TRUS) SEAL 


PAT. PENDING 


Thread 

OR 
on pipe or SEAL 
fitting (ne SIDE 
messy pipe 


Thread pipe 
fitting 


4 threads 
inte pert. 
Point in 
desired 
direction. 


te complete 


Flick Reedy Corp leakproof 
2045 N. Hawthorne Melrose Park, ill. 


“Miller Fluid Power’’ is also a Div. of Flick-Reedy Corp. 


assembly 

(only light 
torque 

required). 
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in 2 SIMPLE STEPS...without acids 


1. Just DIP... i 

2. Then RINSE! Sse 


‘ 


with Turco Alkaline Rust Remover 


Here’s a single-tank process that completely obsoletes con- 
ventional methods of removing rust, paint and primer. With 
Turco Alkaline Rust Remover, you just dip, then rinse! 
That's all there is to it! 

An easy-to-handle, powdered material, Turco Alkaline 
Rust Remover normally strips slightly pitted rust in less than 
a minute. Heavy rust and multiple. paint layers require only 
a few minutes’ immersion. Turco Alkaline Rust Remover 
requires no after-neutralization ...no electrolytic current. It 
contains no cyanide compounds...emits no corrosive fumes. 
Moreover, it does not affect dimensional tolerances, cause 
hydrogen embrittlement, or create any of the other hazards 
commonly encountered with acids. Since Turco Alkaline Rust 
Remover actually decreases the tendency of metals to re-rust, 
the need for subsequent rust preventive treatments is vir- 
tually eliminated. 

Turco Alkaline Rust Remover has been thoroughly proven 
in the laboratory ...exhaustively tested in the field... and 
universally accepted by industry! Check this new way... 
this better way ...to beat back the problem of rust! 


QUICKLY REMOVES TENACIOUS HEAT SCALE, TOO! 
Now... with Turco Alkaline Rust Remover used electrolyti- 
cally, tenacious heat scale can be quickly and completely 
removed...with no dimensional loss to the base metal. 
Moreover, the descaled metal surfaces are exceptionally 


TELLS HOW — Write today for >, 

to re-rust. free 4-page illustrated folder describing Turco Alkaline 
Rust Remover — the non-ocid compound that quickly 
removes rust, paint and primer in two simple steps. 


. Dip for alkaline 1. Dip for rust and 
degreasing and paint removal plus 
paint removal rust prevention 

. Rinse 


_ Acid dip for rust 


8. Dip for rust 
prevention 


Ye MAIL COUPON TODAY! 
TURCO PRODUCTS, INC. ANGELES 1, CALIF. 
Chemical Processing Compounds 
6135 SOUTH CENTRAL AVENUE, LOS ANGELES 1, CALIFORNIA 


Factories: Newark, Chicogo, Houston, Los Angeles, London, Rotterdam, 
Sydney, Mexico City, Paris, Hamburg, Montreal, Naha (Okinowe) 
Menufactured in Canada by W. Deane & Co., Montreal 
Offices in all Principal Cities 
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MERCOID 


MERCURY SWITCH EQUIPPED 


PRESSURE CONTROLS 


Low Operating Pressure—High 
Over-Range Protection 


@ EXAMPLE APPLICATIONS 


1, Provide low suction protection on 
pumps where suction pressure may 
go to very high line pressures (up to 
2,500 psi.) 

2. As an interlock to prevent a door to 
G@ pressure chamber from being opened 
until the pressure has dropped to atmos- 
pheric pressure (1” H2°) with over-range 
protection to 600 psi. 


@ TWO SERIES AVAILABLE 


Series DA-900: Bourdon tube operated. 
Over-range protection to 2,500 psi. 
Operating ranges 0-60 psi; 0-100 psi; 
0-150 psi; 0-300 psi. 


Series CP: Diaphragm operated. Over- 
range protection to 600 psi. Operating 
ranges 1”-60” pressure or 1”-60 
vacuum, 


Both types available in various style cases 


SEND IN YOUR CONTROL PROBLEM 
OR WRITE FOR BULLETINS CA-21 & CA-1P 


THE MERCOID CORPORATION 
4211Belmont Ave., Chicago 41, Ill. 


Ductility of Chromium . . 


was increased to above 100° C. 
(212° F.) if a tungsten inclusion 
from the melting electrode was 
present. With 1.5% iron in solution, 
the transition temperature was above 
100°C. (212°F.). Surprisingly, 
strain rate from 0.001 to 0.05 per 
min. had little effect on transition 
temperature. 

Prestrains at 400 and 250° C. 
(750 and 480°F.) resulted in 
rheotropic recovery and reduction 
of the transition temperatures from 
50°C. (120° F.) to room tempera- 
ture or below. The optimum condi- 
tion was 0.75 strain at 250° C. 
(480° F.), which resulted in a 0.11 
torsion strain being permissible at 
room temperature. The prestrain 
could be applied in compression as 
well as torsion; 50% reduction at 250° 
C. (480° F.) was found to be effec- 
tive. Grain refinement through the 
use of lower forging temperatures 
also was effective. With a 25 to 
50% finish forging reduction by 
pressing at 1950° F. followed by 50% 
compression at 250° C. (480° F.), 
annealing at 1000°C. (1830° F.) 
for 10 min. to produce 0.03 mm. 
recrystallized grain size resulted in 
sufficient ductility at room tempera- 
ture to permit a 41° twist before 
fracture. ROBERT JAFFEE 


Stable Nickel-Free 
Stainless Steels 


Digest of “Phase Relationship 
in Austenitic Cr-Mn-C-N Stain- 
less Steels,” by Chi-Mei Hsiao 
and E. J. Dulis, @ Preprint No. 
29, 1957. 


PAPER supplies additional in- 

formation on nickel-free austenitic 
stainless steels. The stable austenitic 
region for steels containing 0.10 to 
0.80% C, 10 to 28% Mn, 12 to 
28% Cr and 0.10 to 0.80% N was 
determined. Microscopic and hard- 
ness surveys were made. 

The experimental steels were 
melted in a 15-Ib. induction furnace 
and forged to 5s-in. bars. Bars were 
solution treated for 2 hr. at 1700 to 
2500° F. and water quenched. 
These steels were then aged in the 
range of 1200 to 1600° F. for various 
times. Microstructures were de- 
termined after each treatment for 


delta ferrite and martensite, grain 
size and residual carbides and 
nitrides. 

The work on phase relationships 
can be summarized as follows: At 
2100° F. the minimum amount of 
carbon plus nitrogen required for a 
completely austenitic structure in- 
creases with increasing amount of 
chromium and this relationship was 
represented empirically by 

(%C+%N ) =0.078 ( %Cr—12.5) 
This equation fits the data for steels 
which contained 5 to 14% manga- 
nese. Little work was done on the 
higher - manganese steels. For 
higher-carbon steels (over 0.25%), 
the amount of delta ferrite formed 
decreased with increasing tempera- 
ture in the range 1900 to 2500° F. 
For the lower-carbon steels (0.12%), 
the amount of delta ferrite first de- 
creased, then increased with in- 
creasing solution temperature. Resi- 
dual carbides and nitrides in solution 
treated steels decreased with increas- 
ing temperature. 

Whether the austenite that 
formed after solution treating could 
be retained at room temperature and 
after aging depended upon the com- 
position of the austenite. When the 
chromium was over 15%, about 12% 
manganese is required to stabilize 
the austenite to avoid martensite 
formation. When the chromium 
was between 12 and 15%, the 
amount of manganese required 
varied between 12 and 18%. The 
amount of manganese required de- 
pended also on the amount of chro- 
mium plus nitrogen in the steel. 
For lower chromium and carbon 
plus nitrogen contents, higher man- 
ganese is needed to stabilize the 
austenite. No formula is derived 
to predict the composition needed 
to prevent martensite formation. 

Grain-boundary and general pre- 
cipitation was found in steels that 
were solution treated and aged. 
The grain-boundary precipitation 
was found predominantly in high- 
nitrogen steels and was favored by 
higher aging temperatures. The 
general precipitation product was 
found predominantly in low-nitrogen 
high-carbon steels. Sigma phase 
was produced in some of the steels 
studied, largely by transformation 
of delta ferrite to sigma phase. The 
data are useful in designing stable 
nickel-free austenitic steels. 

D. J. CARNEY 
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chipping -no rusting 
n0 pitting no peeling 


no work-no Worry 


with ever- Drightwork of 


Let it rain, mist or dew 

. . for the lifetime of 
the car, stainless steel brightwork never 
needs care. Exposure to the elements can’t 
harm it. You don’t lift a finger or pay a penny to keep 
the showroom shine of stainless. @ Strong, hard, ever- 
bright stainless steel will serve you best on your new 
car, and protect top value when you sell. And the chances 
are, it'll be SUPERIOR. 


“CORPORATION ‘ 


Superior Steel 


Morelco 


PRODUCTS 


INSTRUMENTATION FOR 
RESEARCH, MATERIALS 
CONTROL AND PRODUCTION 


X-ray Diffraction Equipment 
X-ray Diffractometers 
X-ray-Spectrographs 


X-ray Absorption Apparatus 
X-ray Crystal Analysis Units 
X-ray Tubes and Rectifiers 


X-ray Cameras, Sample 
Spinners, Pole Figure Devices 
and Accessories 


Autr: 24 Ch 1 


automatic Element Analyzer 


X-ray Custom Built Equipment 
for Special Applications 


Geiger, Proportional, 
Scintillation and Flow Type 
Detectors 


Electronic Circuits for 
High Speed Detectors 
with Pulse Height Analyzers 


Decade Scalers and Ratemeters 


Electronic Timers 
Line Voltage Regulators 
Radio Compass Controls 


Electronic Testing Equipment 
Electron Microscopes 


Electron Diffraction Equipment 
Emission Microscopes 
High Voltage Generators 


Contact Microradiographic 
Equipment 


Gas Liquefier 


High Pressure Equipment 


Industrial X-ray Equipment 
Industrial X-ray Fivoroscopes 


Industrial Image Intensifiers 
with Closed Circuit Television 


Industrial 
Image 
Intensifier 


X-ray Thickness Plating Gauges 


Generally speaking, fluoroscopy of steel 
with wall thicknesses greater than “% 
inch has proven unsatisfactory — the 
amount of penetrating power necessary 
results in excessive secondary radiation 
which obliterates fine detail. Another 
detrimental factor in direct fluoroscopy 
is the low light level of the fluoroscopic 
screen. In order to see fine detail, 
lengthy eye adaptation periods are 
necessary and the examination must be 
conducted in light-proof booths. Prac- 
tice has shown that frequent rest is 
mandatory for the operator since visual 
efficiency is impaired by prolonged 
work periods. 

The introduction of the Norelco 
Industrial Image Intensifier has done 
much to alleviate or completely elim- 
inate adverse fluoroscopic conditions. 
The unit consists of a shielded elec- 
tronic X-ray image intensifying tube 
and a small power pack. Quite simply, 
the Norelco Industrial Image Intensifier 


PHILIPS 
Instruments Division 
750 SOUTH FULTON AVENUE, MOUNT VERNON, N. Y. 


In Canada: Scientific and Industrial Division, Philips Industries Limited, 
11 Brenteliffe Road, Leaside, Toronto 17, Ont. 


yields an image which is at least 1000x 
brighter than that of a standard fluoro- 
scopic screen —thereby permitting 
fluoroscopy under normal lighting con- 
ditions. Better detail is achieved 
through the use of an ultra-fine-grain 
input screen and the ability to use sub- 
stantially lower X-ray factors than here- 
tofore possible. 


Exhaustive tests in field and factory 
have conclusively demonstrated the 
practicability of this instrument. 
*Fluoroscopic examinations on one- 
half inch of steel have revealed flaws 
as small as 2% of total part thickness 
— as opposed to only 8% sensitivity on 
steel three-eighths inch thick with 
standard fluoroscopic procedures. 


*It must be noted that these results were 
obtained with the use of a 0.4 mm., 
Norelco stationary anode fractional focus 
tube which provides unexcelled resolution 
and a constant potential source. 


Closed Circuit 
Television 


Remote viewing by means of a 
closed circuit television system 
yields excellent results. Several 
systems are available, all of 
which provide maximum safety 
to the operator. Radiation 
hazard to the operator is 
eliminated. 
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Columbium and you, the steelmaker 


*) Know how .10 Cb will increase physical properties ? 


*) Know how Cb will benefit high temperature steels? 


Extensive test and development work by MCA has 
recently revealed astonishing results in the use of 
columbium in steel making. Particularly in con- 
structional steels—those used in road machinery, 
airplane landing gear, and plates for example, 
where the impact stress is severe—progress in 
physical properties has been most striking. 

In some cases steels with economical additions of 
columbium may avoid the necessity of heat treating 
and be used in the as-rolled condition. In other 
applications tensile strength may be increased 
many thousands of pounds per square inch. Signifi- 


MOLYBDENUM, 


CORPORATION OF AMERICA 


Offices: Pittsburgh, Chicago, Los Angeles, New York, Son Francisco 
Soles Representatives: Brumiey-Donaldson Co., los Angeles, San Francisco 
Cleveland 


Grant Building 


Subsidiory: Cleveland -Tungsten, Inc., 
Plants: Washington, Pa., York, Pa. 
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cantly, steelmaker’s economics justifies the use of 
columbium, in these steels, since the results ob- 
tained are most rewarding for the small cost of 
columbium additions. We confidently expect even 
greater progress as the developmental knowledge 
in this new field increases. 

We are anxious that steelmakers, engineers and 
metallurgists know of the latest progress in this 
field. An inquiry on your company letterhead 
stating your particular interests will bring confi- 
dential and prompt response. Write today. 


Pittsburgh 19, Pa. 
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is built by Adams Division, 
LeTourneau-Westinghouse 
Company, Indionapolis, Ind. 
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DESIGNED FROM ALLOY STEEL 


Shrugs Off Fatigue, Terrific Torque, High Impact Load 


Motor graders built by Adams Division of 
LeTourneau- Westinghouse Company are known 
throughout the world for quality and dependability. 


A good example of the company’s constant effort 
to improve this quality and dependability can be 
found in the grader’s full-floating, two-section 
drive axle—considered to be the most vulnerable 
part in the entire unit. It is subjected to terrific torque 
from an eight-speed, constant-mesh transmission. 
Impact load is often extreme. 


Company engineers and metallurgists spent thou- 
sands of hours on research and field testing of all 
types of steels to find one that would reduce ultimate 
fatigue in the axle to an absolute minimum. 


They eventually settled on Republic Hot Rolled 
4340 Alloy Steel. This fine steel not only resists 


fatigue, but also is able to take a high torque withoat 
a permanent set. Fatigue failure is now practically 
non-existent. 


Alloy steels provide an outstanding combination 
of qualities essential to designing smaller sections 
to move or carry heavier loads with no sacrifice of 
strength or safety. They resist fatigue, shock and 
stress. Respond uniformly to heat treatment, pro- 
ducing hard, wear-resistant surfaces around tough 
cores. This tough, integral structure provides greater 
strength with minimum weight. 


Specify Republic Alloy Steels for your jobs where 
strength and toughness must resist heavy-duty rough- 
ness. We offer you the services of our experienced 
field metallurgists to help you get the most from 
these versatile steels at the lowest possible cost. 
There’s no obligation. Just mail the coupon. 


COMPLETE DESIGN, engineering and fabricating 
facilities go to work for you as an extension of 
your plant when you have your stamped and 
drawn parts fabricated by Republic's Pressed 
Steel Division. This truck shaft bracket is one ex- 
ample of a wide variety of steel parts mass 
produced to specification at the lowest possible 
cost. Send coupon for Booklet Adv. 681. 


STEEL 
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DIE AND PART DESIGN PROBLEMS cre reduced 
by 3 new grades of Republic iron Powder with 
Controlled Dimensional Factor. in the presence 
of copper, these powders—depending on type 
—can be made to grow, remain stable, or 
shrink, within acceptable limits. Complete infor- 
mation on Type “G”" for growth, Type "N” for 
normal, Type “S” for shrinkage are contained 
in Booklet Adv. 763. Write for it. 


LIMITLESS FLEXIBILITY IN DESIGN is provided by 
Republic Special Sections. They simplify built-up, 
interlocking or associated parts. Machining time 
and costs ore reduced to a minimum because 
the sections cre preformed to the predominating 
cross section of the port. Available hot rolled or 
cold drawn in all grades of carbon, alloy and 
stainless steel. Send coupon for more information, 


Name. 


REPUBLIC STEEL CORPORATION 
Dept. C-2829 

3188 East 45th Street 

Cleveland 27, Ohio 


D Have an Alloy Steel Metallurgist call. 


Send more information on: 
O Stampings (Booklet Adv.681) O Iron Powder 
O Special Sections 


(Booklet Adv. 763) 


Title. 


Company 


Address 


Zone State 


! 
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SHORT RUNS 


Conical shapes, spun and drawn from 
Type 430Ti stainless steel discs, re- 
quire intermediate annealing to re- 
move work-hardening effects. An- 
nealing follows both spinning and 
deep-drawing operations. This eleva- 
tor-type Gradiation furnace, occupy- 
ing only 4 ft by 4 ft floor space, 
processed 20 pieces per hour. 


When production capacity of 120 pieces per hour was desired, Selas designed and built this continuous 
furnace. The space-saving 16-foot long chamber heats cones to 1600°F; a cooling tunnel delivers work- 
pieces at less than 350°F for convenient handling. Both shapes are accommodated interchangeably 
without furnace adjustment and, as in the original elevator-type furnace, only one operator is required 
to load and unload. Same metallurgical structure (shown at left-SOOX) is obtained with both methods. 


.. SELAS builds heat processing equipment 
to meet your specific needs 


e When production requirements were low, Selas de- signed and built a continuous, automatic tunnel furnace 

signed and built an elevator-type furnace for a leading which increased his output six-fold. 

metal fabricator to anneal stainless steel conical shapes. Both furnaces use fast, precise Gradiation® heating to 
Then, as demand for his product grew beyond the achieve metallurgical uniformity within each part and 


capacity of the elevator-batch-type furnace, Selas de- from part to part. 


See demonstration of Selas Whatever your requirements—short runs or high production, batch or 
heat treating in action... continuous operations—you are invited to discuss them with our engineers. 
Booth 718, Metal Show! Write for informative articles on Selas heat processing. Address Dept. 310. 


CORPORATION OF AMERICA 
DEVELOPMENT + DESIGN CONSTRUCTION 


SE LAS Waid Processing Engineers 
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new chemical aids 
for your metal treating problems 


BUTYNEDIOL.. inhibits corrosion 

* Highly effective corrosion inhibitor in pickling baths employing sulfuric and sulfamic 
acids + Decreases hydrogen gas evolution, lessening acid loss from spattering « Does not 
decrease rate of scale removal - May be used alone or in blended formulations « Available 
as 35% aqueous solution, and as solid, m.p. 57.5° C., b.p. 140° C. 


PROPARGYL ALCOHOL ...prevents hydrogen embrittlement — inhibits corrosion 


+ Used in acid pickling of spring steel, crankshafts, auto bumpers, compressor spring 
flapper valves and other metal products « Greatly reduces corrosion in descaling of iron 
with HCl « Excellent for high temperature applications « In oil well acidizing formulations 
« Colorless, stable liquid, miscible with water and organic solvents. May be added to 
other acid inhibitors, such as amines. 


For information on these and other Acetylene Chemicals, 


please write to: 


ACETYLENE ‘CHEMICALS DEPARTMENT 


eo, 

} 
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WHO FORGES THE TOUGH ONES ? ¢ machines them, too 


You're looking at a universal spindle and coupling 
for a 38” slabbing mill. It’s nearly 20 feet long and 
weighs 20,000 pounds. That’s a lot of forging—and 
we made it! 

The trade knows us as specialists in forgings of this 
large size. We have the experience, specialized talent, 
and the kind of equipment needed to make couplings, 
crankshafts, or any other large-size forging, from the 


basic electric steel to the finished machined part . . . 
all done in our completely integrated plant. 

This is our specialry—large commercial forgings. Yes, 
for over 43 years the trade’s answer to “who forges 
and machines the tough ones . . . best” has been 


VINATIONAL FORGE 


ANOS CRONANCE COMPANY 
IRVINE (WARREN COUNTY), PENNSYLVANIA 


To see more of “the tough ones,” and the machinery they’re made on, write for Bulletin NFO 2. 
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Starting from scratch to build and equip a 
completely new heat treating plant may be 
the dream of many commercial heat treaters, 
but Edwards Heat Treating Service of 
Oakland, California did just that! 

With long experience and a reputation as one 
of the foremost heat treaters on the West 
Coast, Edwards had an opportunity to install 
the most efficient and profitable equipment 
on the market in this brand-new shop. 
Because of this, it is really significant that 
Edwards selected nine Pacific Furnaces and 
two Pacific Generators! 

The ability of Pacific Furnaces to come up 
to heat fast and maintain strict uniformity is 
particularly important to the Edwards shop, 
where work consists of a considerable 
amount of precision tool and die treating, as 
well as production quantities of small parts 
which must be held to close case tolerances. 
The automatic operation of Pacific Furnaces 
adds further to their ability to turn out 
accurate work on a production basis .. . 
economically! 


AND THESE ELEVEN UNITSiat 
ARE PROOF oF 


i i i PACIFIC SCIENTIFIC COMPANY 
For a furnace or a shop full of heat treating equip- 
ment, Pacific's complete line of both standard models and C) Please send the new General Catalog of Pacific Heat 
special designs can provide the one exact answer to your Treating Equipment. 
own requirements. Call or write today for Pacific's new 


general cataiog—no obligation! for... (type of work). 


Company 


OCTOBER 1957 


THE PROOF OF THE PUDDING !S IN THE HEATING... 
- 
be 
ii? >. re 
— 
FURNACE QUALITY! 
| 
i 
| 
PACIFIC LOS ANGELES SAN FRANCISCO _ 
SCIENTIFIC SEATTLE PORTLAND, OREGON 


Integral Cam Programmer .. . En- Millivoltmeter Pyrometer—Vertical Flame Safeguard Relay. . . Stops 
ables complete 1-to-24 hour pro- Case .. . Available in a variety of flow of fuel into combustion space 
gram to be precast. Electric or pneu- electric control forms. when flame or ignition fails. 
matic control on one or both pens. 


Millivoltmeter Pyrometer—Hori- 
zontal Case... Fits standard relay 
rack for easy mounting. Also 
available with dual set point. 


Radiation Detector . . . Responds 
to 98% of any temperature change 
within 2 seconds . . . high-speed 
model responds in half second. 
For applications from 200 to 7OOOF. 


Circular Chart Program Controller Heavy Duty Electric Motor... Strip Chart Recorder—Single or 
... With integral cam index guide. For operating valves, damp- Multiple Point . . . Records all 
Available with electric and pnevu- ers, louvers and other final types of variables. Choice of pen 
matic control forms. contro! elements. speeds and chart speeds. 
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Precision Indicator—Circular Scale 
. Highly accurate indicator for 
all variables, one to 48 points. 


Precision Indicator— Vertical Scale 

. Has drum-type power-driven 
scale. Full scale travel in 12 or 
4% seconds. 


Circular Scale Controller . . . Scale Strip Chart Program Controller . . . 
is over 2% feet long. Control index Incorporates temperature indica- 
rotates with scale for 12 o'clock tion, single or multiple recording, 
control check. Available in all controlling—in one instrument. 


electric control forms. 


shopping... 


Whether it’s temperature, pressure, flow, or any other important 
variable you want to measure or control, Honeywell makes just 
the instrumentation for you. Our line of instruments is as broad 
as your requirements . . . you can choose exactly what you need. 


This means you get all the instrumentation you require from a 
single source, so there is undivided responsibility for the com- 
plete installation. And you are assured that equipment suggested 
for your process is recommended without bias. With a complete 
line there is no need to over-sell or under-equip. 


For the new process, the modernization program, or a replace- 
ment problem, find out how Honeywell can go to work . . . any- 
where in the metal processing industry. Get in touch with your 
nearby Honeywell sales engineer. He’s as near as your phone. 


MINNEAPOLIS-HONEYWELL REGULATOR Co., Industrial Division, 
Wayne and Windrim Avenues, Philadelphia 44, Pa.—in Canada, 
Toronto 17, Ontario. 


Honeywell 
Fit ww 
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when should you pay 


$13.00°a pound 
for TITANIUM? 


The answer is ichen its cost/life ratio makes titanium less 
costly than other metals—as it often does. Look at it this 
way... 


More Metal Per Pound—Titanium weighs only 56% as 
much as steel of the same strength. Where 50 pounds of steel 
is needed—28 pounds of titanium will do the job. 


it’s Final Cost That Counts—Fabricating takes the lion’s 
share of production costs on most jobs. Considering material 
and fabricating costs together usually whittles down the 
titanium price differential to 2 or 3 to 1. And, most impor- 
tant... 


Titanium Outlasts Most Metals — even those generally con- 
sidered ‘corrosion-resistant,’ by 10, 20, even 50 times or more. 

Added together, these facts often make titanium the most 
inexpensive material you can use. And only titanium can 
provide its exceptional combination of light-weight, high- 
strength, and resistance to corrosion. Ask a REM-CRU engi- 


neer to give you complete details about what titanium can 
do for you. 


*The actual cost of titanium mill products varies with the 
grade, size and quantity ordered. The $13.00 figure is repre- 


sentative of today’s prices for items used in commercial ap- 
plications. 


Write Dept. MP-10 for the Rem-Cru Review—a free 
periodical presenting the latest data on titanium. 


REM-CRU 
TITANIUM 


Seles Offices: 6033 East Bandini Boulevard, Los Angeles 22, California * 4501 W. Cortland Street, Chicago 39, Illinois © 405 Lexington Avenue, New York 17, N. Y. 


World's Most Versatile Metal 
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The next time you're faced with a difficult and costly heat 
treating problem, call in the man whose training and 
experience qualifies him as “the man with the answers” 
your local representative of the Park Chemical Geapene. 
As a representative of Park Chemical, for 45 years pro- 
ducers of a complete line of quality heat treating materials, 
your Park man will help you decide which materials and 
methods are best suited to smooth out your heat treating 
operations. 


Carburizing or hardening, heating or quenching, what- 


PARK CHEMICAL CO. 
8074 Military Avenve © Detroit 4, Michigan 
Phone: TYler 5-7215 
PHILADELPHIA BRANCH PLANT 
3031 N. Melvole Street 
Phone: GArfield 6-6030 


LICENSED MANUFACTURERS 


Electric Resistance Park Italiana California Alloy Products Co. 
Furnace Co. Ltd. Via Pecchio 9, 6438 E. Corvette St. 
Netherby, 161 Queens Road Milano, Italy Los Angeles 22, California 


Weybridge, Surrey, England Phone: RAymond 23-6487 


REPRESENTATIVES 


DETROIT —C. R. Foreman, W. P. Askew, L. S. Woodside 

CLEVELAND—R. W. Cameron, 19106 Southgate Road, Phone: LOngacre 1-8072 
CHICAGO —WM. J. Vandenberg, 2008 W. 102nd Street, Phone: CEdarcrest 3-7135 
EAST LANSING, MICH.—R. Hammerstein, 1015 Northlawn, Phone :EDgewood 2-3926 
CINCINNATI—James F. Hetz, 1313 Mimosa Lane, Phone: GRandview 1-3145 
LYNNFIELD CENTER, MASS.—R. H. Settles, 651 Lowell St., Phone: 4-3390 
PHILADELPHIA—T. J. Clark, 7240 Lawndale St., Phone: Pligrim 5-6562 
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Your Source of Quality Heat Treating Materials 
and Personalized “On-the-job Service” 


Solving Heat Treating Problems Since 1911 


ever the operation may be, the Park man will show you 
the Park product that will result in more efficient, less 
costly heat treating. On-the-job tests in plants all over the 
country have proven that Park heat treating materials 
mean less rejects, better finishes, and virtual elimination 
of production tie-ups. 

Whenever a difficult heat treating operation threatens 
to tie-up your production, call in the Park man for on- 
the-job help. Fie's always available. Call him, or write 
us direct. 


AGENTS 


MINNEAPOLIS— Industrial Electro-Gas Equip. Co., Phone: ATlantic 1907 
HOUSTON —W. K. Griggs Co., Phone: CApitol 8- 2261—1-5523 
DALLAS—WM. K. Griggs Co., Phone: WHithall 1-4994 
ATLANTA—A. J. Mueller Co., Phone: CHerokee 0185 
TULSA—Kimball Chemical Co., Phone: Gibson 7-0168 
ST. LOUIS—Process Science, inc., Phone: Victor 3-1277 
TORONTO—). C. Reid, Phone: CRescent 8-8473 
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How composition affects corrosion resistance 


WHAT’S NEW ON ZIRCONIUM? 


This U.S.I. booklet gives you information 
you can use... Send for a copy! 


Today, with zirconium production trending 
sharply upward, and price downward, interest 
in this new and unique metal is growing rapidly. 
To answer your questions about zirconium 
and its relative, hafnium, U.S.I. has prepared 
an informative new booklet — “ZIRCONIUM 
and HAFNIUM.” The booklet gives the impor- 
tant facts on these newly available metals... 
lists important mechanical and physical prop- 
erties of both... describes briefly the new 
semi-continuous sodium reduction process for 
production of zirconium and hafnium. 


You'll find the outstanding corrosion proper- 


DUSTRIAL CHEMICALS CO. 


Division of National Distillers and Chemical Corp. 
99 Park Ave., New York 16, N. Y. 
Branches in principal cities 


Please send me a copy of “ZIRCONIUM and HAFNIUM” 


ties of zirconium compared with other impor- 
tant metals... phase diagrams of twenty binary 


alloy systems ... descriptions of several fabri- 
cation techniques. 


You’re sure to find “ZIR- 
CONIUM and HAFNIUM” 
valuable in discussions and 
as a preliminary reference. 
For your copy, forward the 
coupon today ... or just send 
your name on your com- 
pany’s letterhead. 


Zone. 


| 
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Driver-Harris Announces Major Advance in Pyrometry! 
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This new Driver-Harris Thermo- 
couple was developed primarily to 
withstand industrial reducing at- 
mospheres at high temperatures and 
thereby to end the danger of run- 
away furnaces and ruined charges. 

Unusually high resistance to 
“green-rot” attack is the outstand- 
ing property of the alloys of this 
thermocouple, whose analysis is: 


Positive Leg 


Negative Leg 
(No. 242 Alloy) (No. 33 Alloy) 


80/20 Ni-Cr 
Cb 


3% Si-Ni 


Although the thermal-emf response of this 
thermocouple is lower than the conventional 
thermocouple now in use, the slope of its tem- 
perature-emf curve is virtually parallel in the 
higher ranges of temperature in which both 
couples are designed to be used. Thus, the 
thermal-emf sensitivities are equivalent in the 
higher temperature ranges. 

Tested against the conventional thermo- 
couple in an atmosphere of the following 
nominal composition: CO... 10%; CO2...5%; 
CH,...1%; He...16%; O2...Nil; Ne... Balance 
(best for accelerating green-rot attack), ex 
posure after 212 hours showed only +0.13 mv 
drift for the D-H thermocouple, and —7.54 mv. 
for the conventional thermocouple. 


BRANCHES: Chicago, Detroit, Cleveland, Lovisville, Los Angeles, San Francisco 


New #242-33 Thermocouple‘ 
for Reducing Atmospheres 
Maintains Calibration Through a 
Greatly Extended Life 


+ 
THERMAL EMF TEMPERATURE CURVE ___| 
||. 242-733 ALLOYS COUPLE 
;REFERENCE JUNCTION 32°F 
4 4 
5 | 
3 A. 
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When the thermal-emf of the conventional 
thermocouple drops, as in a reducing atmos- 
phere such as this, the working temperature of 
the furnace controlled by it rises. However, 
when a #242-33 couple is used under the same 
conditions the thermal-emf remains substan- 
tially constant. This means that a furnace con- 
trolled with the new D-H thermocouple*cannot 
overheat and ruin charges. 

Members of the Heat-Treating and Instru- 
ment Manufacturing Industries are urged to 
investigate this new Driver-Harris Thermo- 
couple without delay so that through their 
combined efforts all U.S. Industry can benefit. 
Complete technical data and application infor- 
mation is waiting for your inquiry. Write today 
to our Thermocouple Division. 


*U. S. Patent No. 2,691,690 


Driwver-Harris HARRISON, NEW JERSEY 


COMPANY 


In Canada: The 8B. GREENING WIRE COMPANY, Lid., Hamiltos, Ontario 


MAKERS OF THE MOST COMPLETE LIXE OF ALLOYS FOR THE ELECTRICAL, ELECTRONIC, AND HEAT-TREATING INDUSTRIES 
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Facts to consider when you’re buying 


Chromate Conversion Coatings 


for Corrosion Protection, Paint Base, Decorative Finishing 


® 
WHAT IS IRIDITE? 


Briefly, Iridite is the tradename for a specialized line of chromate conversion finishes. 
They are generally applied by dip, some by brush or spray, at or near room temperature, 
with automatic equipment or manual finishing facilities. During application, a chemical 
reaction occurs that produces a thin (.00002” max.) gel-like, complex chromate film of a 
nonporous nature on the surface of the metal. This film is an integral part of the metal 


itself, thus cannot flake, chip or peel. No special equipment, exhaust systems or specially 
trained personnel are required. 


If your company is manufacturing or 
buying parts or complete assemblies 
made from or plated with any of the 
more common non-ferrous metals— 
zinc, cadmium, aluminum, magnesium, 
silver, copper, brass or bronze—you’ve 
probably already run up against the 
question of finishing these surfaces with 
a chromate conversion coating. These 
coatings are used to protect against 
corrosion, or to provide a base for paint 
or to provide a decorative finish for 
sales appeal or shelf life. Since chromate 
conversion coatings represent a rela- 
tively new means of obtaining these 
finishes, this digest of facts to consider 
may be of value to you. 


1. THE COATINGS THEMSELVES. 
There are many brands on the market. 
All are similar in many ways. Each, of 
course, offers its own specific advantages 
and these may relate to operating 
techniques, performance under actual 
use conditions, cost, availability, etc. 
Naturally, you'll want to choose a 
coating that is widely known and 
accepted under both military and 
civilian specifications. 


2. THE COMPANY BEHIND THE 
PRODUCT. Is it a reliable, established 
organization? Does it offer experienced 
technical service, both from the field- 
engineering organization as well as the 
home office and laboratories? The man 
who sells and services your installation 
should be thoroughly familiar with not 
only chromate conversion coatings and 
their applications, but also with the 
characteristics and performance of re- 
lated finishing operations such as pre- 
cleaning, electroplating, painting, etc. 
This is most important since all steps of 
the finishing cycle must be functioning 
properly for the satisfactory perform- 
ance of the ultimate finish produced. 


3. AVAILABILITY OF THE PRODUCT. 
Ideally, of course, the material should 


be readily available to you from nearby 
warehouses to avoid time loss in long 
distance shipping and to provide 
emergency service, should the need 
arise. 


4. COST. Naturally, the initial price 
of the material is important to you. 
However, just as you consider ultimate 
cost when you are buying mechanical 
equipment, ultimate cost must be con- 
sidered for these finishing chemicals. 
So, it will pay you to investigate con- 
sumption costs, labor costs and the 
other factors which go into the deter- 
mination of ultimate cost. Further, 
cost alone gives no indication of product 
performance, so careful attention must 
be given to the purpose the finish must 
serve and the value that finish will add 
to your product. 


5. FACILITIES FOR RESEARCH AND 
DEVELOPMENT. Perhaps the existing 
types of chromate conversion coatings 
do not include a compound that will 
accomplish exactly what you wish. 
Then, it is important to deal with a 
supplier who has adequate research 
and development facilities available to 
work with you to produce a material to 
meet your needs. Naturally, such a 
project is seldom completed overnight. 
But, with complete cooperation and 
confidence from both you and your 
supplier, chances are a_ satisfactory 
program can be completed. 


These are the concepts of sales and 
service on which we, Allied Research 


Products, Incorporated, have developed 
and marketed the line of Iridite chro- 
mate conversion coatings... superior 
product performance, complete sales 
and technical service, easy product 
availability, economical cost, extensive 
research and development facilities. 
No doubt you are familiar with our 
line and have seen this trademark— 


TLRIDITE) 
—in our advertising, technical litera- 
ture or on shipping containers in your 
plant. Remember this trademark when 
you’re buying or investigating chro- 
mate conversion coatings for your 
company. It’s your assurance of quality, 
economical products from a reliable 
and established company, skilled sales 
and technical service from both our 
home office and a national network of 
representatives, immediate availability 
from warehouses in strategic industrial 
areas and our willingness to work with 
you to develop new finishes to meet 


your needs, should the present line fall 
short. 


For complete information on Iridite 
chromate conversion coatings, write 
today for your free copy of our technical 
data file. Or, for immediate advice, call 
in your Allied Field Engineer. He’s 
listed under “‘Plating Supplies” in your 
classified telephone book. 


Researcu Propucts 
4004-06 E. MONUMENT STREET * BAL TIMORE 5, MD 


Manufacturers of Iridite chromate conversion coatings for corrosion resistance, paint systems, final finishing 
of non-ferrous metals; ARP Plating Brightener & Chemicals. West Coast Licensee—L. H. Butcher Co. 
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DLEUM REFINING EQUIPMENT 
ROCKET MOTORS = 
HEAT TREATMENT EQUIPMENT 
PISTON HEADS RINGS 
SUPER HEATER SUPPORT BRACKETS 


TRANSITION WELDING 


ARTHUR TICKLE 
ENGINEERING WOR 


OCTOBER 1957 311 


= 
ess 
with the ney, | 
By firs, ded UMICG Molten the Mette 
Nome 


Mr. Hi Frequency does a 
Surface Hardening Job for 
Jambor Tool and Stamping Co. 


White line indicates hardened steel. A uniform case depth of 
“ .060 with Rockwell hardness of 60 to 62 is obtained. (Black 


300% 


Jambor had trouble. They were making 

a top-grade king bolt with excellent wearing 
qualities, but it had one little drawback — it 
was “file soft.” 


Mr. Hi Frequency to the Rescue 
To remedy the situation, Jambor switched to 
a higher carbon steel and surface-hardened the 
bolts with Allis-Chalmers electronic induction 
heaters. Mr. Hi Frequency’s rapid and selec- 
tive method of surface hardening produced 
amazing results. Sales went up a whopping 
300%. Material costs dropped 10%. 


It could happen to you. If your job is one of 
hardening, annealing, soldering, brazing or 
melting, it will pay you to consider Allis- 
Chalmers induction heating. Chances are this 
most advanced method of applying heat will 
boost your production, decrease costs and im- 
prove quality just as it has in hundreds of ap- 
plications. For complete information, see your 
A-C representative or write Allis-Chalmers, Jambor uses a 20-kv Allis-Chalmers induction heater. The work 


vil and quenching ri ially designed for the 


ALLIS-CHALMERS 
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The 100-ton weldment illustrated above is the base unit of a 
housing for a 300,000 kw Steam Turbine. It is another example of 
Mahon craftsmanship and Mahon's ability to serve you. This heavy 
weldment, and those appearing at the left, are typical of the 
thousands of Steel-Weld Fabricated Parts and Assemblies pro- 
duced by Mahon each year for manufacturers of processing 
machinery, machine tools, and other types of heavy mechanical 
equipment. If you are not now taking full advantage of the econo- 
mies offered by welded steel components in your product, you 
should give the matter serious thought. In the design of almost any 
type of heavy machinery, or mechanical engineering project, there 
are parts and sub-assemblies that can be produced more economi- 
cally, more satisfactorily, and in less time, in welded steel. In weld- 
ments you get greater strength with less weight—plus the additional 
advantages of greater rigidity and 100% predictability. When 
you consider weldments, you will want to discuss your require- 
ments with Mahon engineers, because, in the Mahon organization 
you will find a unique source for weldments or welded steel in any 
form ... a fully responsible source with complete facilities for 
design engineering, fabricating, machining and assembling . . . a 
source where design skill is backed up by craftsmanship which 
assures you a finer appearing product embodying every advan- 
tage of Steel- Weld Fabrication. See Sweet's Product Design File for 
information, or have a Mahon sales engineer call at your convenience. 


THE R. C. MAHON COMPANY + Detroit 34, Michigan 


Sales-Engineering Offices in Detroit, New York and Chicago 


Engineers and Fabricators of Steel in Any Form for Any Purpose 
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WHAT’S NEW AT BRISTOL... 


Photo courtesy General Thomas J. Rodman Laboratory, Watertown (Mass.) Arsenal. 


/ 


Immersion thermocouple 
for molten metals measures 
to 3200F 


The new Bristol portable immersion-type thermocouple is 
designed for direct measurements in melts of both ferrous 
and non-ferrous metals. Simplicity and operating economy 
are its key features. 

Rugged tubes give economy. Latest result of Bristol’s con- 
tinuous development program in instruments and accesso- 
ries for pyrometry, the new thermocouple’s durable protec- 
tion tube can take up to 14 dips in molten steel at 2700 F to 
3200 F Metals of lower melting temperatures such as brass 
and aluminum will give far longer life. What's more, replace- 
ment of the protection tube, plus reasonable care, allows 
re-use of the platinum sensing element—most expensive part 
of the unit. 

Standard and “high-speed” models. The standard model of 
the new thermocouple —full response 30-45 seconds — fea- 
tures a Bristol metal-ceramic (LT-1) secondary protection 
tube. A special “high-speed” model—response 15-20 seconds 
—has a single quartz protection tube with quick-change 
thumbscrew, designed for easy replacement. 


STOCK PARTS CUT COSTS, SPEED SERVICE 
All parts in the new molten metal thermocouple are stock parts 
—a product of Bristol’s careful design and advanced manu- 
facturing methods. Result: lower first cost due to production 
economies and faster delivery on replacement parts. 
Write today for complete data on this outstanding Bristol 
contribution to instrumentation in metallurgy. The Bristol 


Company, 155 Bristol Road, Waterbury 20, Connecticut. 
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TRAIL-BLAZERS IN 
PROCESS AUTOMATION 


BRISTO 


AUTOMATIC CONTROLLING, RECORDING AND TELEMETERING INSTRUMENTS 
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NEW WAY TO COUNTER 
SPIRALS IN 
ALUMINUM MELTING 


Learn how to eliminate overheating, scrap . . . save on fuel 
through the most important new furnace in over 40 years! 
The new Eclipse dry-hearth reverberatory furnace has the 
melting and holding chambers completely separated for 
constant pouring temperatures and improved production 
control . . . continuous production-line melting of high- 
quality metals at a low cost! Fact-filled bulletins illustrate 
how you introduce numerous efficiency advantages into 
die-casting, permanent- mold, or sand-casting work. Top- 
fired and mechanically tilting, as well as single- or double- 
side and end dip-out models described. Use this con- Oo 
venient check box to obtain free copies: 


New bulletin on crucible and dry-hearth furnaces—latest mode! 
Eclipse pot and crucible furnaces, with gas, oil, or combination gas-oil 
firing, and dry-hearth furnaces are clearly pictured and described. 
To obtain your free copy of this new bulletin on efficient, economical 
quality melting of nonferrous metals simply make o check mark 

in this box: 

New bulletin on Eclipse Heat-Treat Furneces—!! latest models 
shown and described . . . air-draw types, salt pots, pit-type, controlled 
atmosphere, box furnaces, and others. Wide range of sizes and 
choice of designs. Check this box for your free copy: 


MAG CUPPED TO YOUR LETTERHEAD 


INDUSTRIAL 
EVURNACE 
DIVISION 


ECLIPSE FUEL EBHGINAEHING Co. 
1127 Gochanan Reckterd, 
ECLIPSE VEL ENGINEERING CO. OF CANADA, Lio 


METAL PROGRESS 


bes 
tr 
= 
© 
= 4 t 
J 
20 Upjohn Mills, Ontario 


NEW Eclipse 
CLEAN-LINE 


furnaces 


SEE this at 
the Metals Show 
Booth No. 735 


; 


MORE uniform heat 
MORE uniform case depth 


All these “‘plusses’” are yours with the new Eclipse 
Clean-Line furnace because: (1) atmosphere and tem- 
perature are distributed with complete uniformity 
during heating — there's no stratification — and (2) 
even tightly packed loads of the smallest parts are 
quenched uniformly in the oil jet-agitated tank served 
by the high-capacity pump. The Clean-Line furnace, 
rated to heat-treat 400 Ib of work in one hour, and 
with quench capacity for 700 Ib per load, is designed 
for fully automatic clean hardening, carbonitriding, 
carburizing, carbon restoring, or annealing. Standard 
Clean-Line furnaces are designed for operation at 
temperatures up to 1850° F. 


Complete control of all heat-treat operations is right 
at your fingertips. You can select an air or oil quench, 
for example, just by flicking a switch on the control 
panel. Heating cycle, high oil pump circulation, and 
quenching cycle for a particular workpiece can all be 
controlled precisely and automatically by three sepa- 
tate timers on the control panel. All these features 
add up to better quality — every piece in every batch. 
WRITE for bulletin and data 

sheets describing the Clean-Line 

system thatincludesendothermic 

generators, automatic washers, 

and tempering units. 
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UDDEHOLM Strip Steel Quality 
Belongs In Your Product 


Traditional Swedish Craftsmanship 
Produces World's Finest Strip Steels 


When you use a specialty strip steel, it becomes part 
of your product. Your choice of strip steel, then, 
will determine the quality and performance of that 
product. Uddeholm’s fine, Swedish strip steels ap- 
pear in many such products all over the world. 
Manufacturers like the quality of the steel. Users 


like the quality of the product. You will, too. 


Uddeholm cold rolled strip steels are stocked in an 
extremely wide range of grades, sizes, tolerances 


and finishes—wide enough to meet any requirements 


you might have. Widths run from 4%” to 164”; 
thicknesses from .001” to .125”. Tolerances can be 
held to +.00008”. And you'll find the quality of the 
steel itself matched by Uddeholm’s rigid adherance 
to dimensional accuracy. Slitting and edging facili- 


ties are also available. 


Write tor latest 
Strip Steel Stock List 


why UDDEHOLM COMPANY OF AMERICA, INC. 


Tool and Die Steels Offices and New York: 155 East 44th Street, MUrray Hill 7-4575 
Specialty Strip Steels Warehouses Cleveland: 4540 East 7ist Street, Dlamond 1-1110 
Los Angeles: 5037 Telegraph Road, ANgelus 2-5121 


District Representatives 
CHICAGO: Frank J. Mackin, Leroy E. Marshall, 55 East Washington, STate 2-1649 DETROIT: Warren H. Nugent, 17304 Lahser Road, KEnwood 5-6340 
PHILADELPHIA: Frank T. Campagna, 34 South 17th Street, Rittenhouse 6-4290 
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How can we reduce our 
electrode shipping and 
handling costs? 


Let’s get in touch with 

Great Lakes Carbon—they’ve 
always been helpful, and 
their product performance 

is outstanding! 


ELECTRODE 


DIVISION 
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NEW 


NEW BRISTOL IMMERSION THERMOCOUPLE makes direct readings in melts of ferrous 
or non-ferrous metals, records on round-chart Bristol Dynamaster instrument (right). 


This new Bristol immersion-type thermocouple can take up to 14 dips in mol- 
ten steel at 2700F to 3200F. With brass, aluminum and other metals of lower 
melting point, it has far longer life. 

Simplicity, operating economy result from the new thermocouple’s rugged, 
easily replaceable protection tubes. With reasonable care, they allow reuse of 
the expensive platinum sensing element. 

This new Bristol immersion thermocouple is typical of recent outstanding 
Bristol developments in electronic pyrometry. Bristol’s giant strides in auto- 
matic temperature control are making instrument systems obsolete which were 
designed new only a few years ago. Find out about these developments, before 
you buy any other instrument for furnace or oven. Write The Bristol Company, 
106 Bristol Road, Waterbury 20, Conn. 7.23 

*T. M. Reg. U.S. Pat. Of. 


BRISTOL TRAIL-BLAZERS IN PROCESS AUTOMATION 


AUTOMATIC CONTROLLING, RECORDING AND TELEMETERING INSTRUMENTS 
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Dynamaster® Electronic Pyrometer 
with strip chart. 


ELECTRONIC 


INSTRUMENTS 
BY BRISTOL 


Free-Vane* Electronic Pyrometer 
Controller. 
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STRENGTH PROBLEM SOLVED 
~with Ostuco Steel Tubing 


any, Pittsburgh, manufactures a 
or screw jack now finding wide 


Dog-Norton 

portale 20-ton air 

ey as a maintenahee tool by the trucking industry 

because of its versatility, de ability, and rugged strength 

| Designing th jock, Duff-Norton engineers were concerned 
with selection of proper material for the ndard”— 

| crucial part which\extends to support full loa _" 
weight. Seeking a material that would not fail, even under 
centric loads, Duff-Noxton specified Ostuco Seamless ‘4 
teel Tubing for this crite application, 

Strength is just one of the plus — of Ostuco Steel Tubingg 

For details on all the advantages) contact your nearest : 

Ohjo Seamless Sales office or write Wirect to Shelby, Ohio. & 


| 
\ 
\p 


SHELBY, OH!O © Birthplace of the Seamless Stee! Tube Industry in America 


SEAMLESS AND ELECTRIC-RESISTANCE WELDED 
STEEL TUBING * FABRICATING * FORGING 
* Houston 


Raw OSTUCO TUBING 
MANUFACTURED IN 
SALES OFFICES: Birminghom * Chorlotte * Chicogo (Ook Park) 
Cleveland * Dayton * Denver * Detroit (Ferndale) 
© Moline * New York © North 
Konsas City * Philodelphio (Wynnewood) * Pittsburgh * Richmond 


SHELBY, OHIO 
los Angeles (Lynwood) 
Rochester * Lake City Seattle St. Lovis * St. Poul 


EXCLUSIVELY BY 
St. Petersburg * Tulsa * Wichita 
CANADA: Roilwoy & Power Engr. Corp., Lid. 
EXPORT: COPPERWELD STEEL INTERNATIONAL COMPANY, 
ork 


OHIO SEAMLESS TUBE DIVISION 
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How Exhaustive Tests Guard the 


Modern Steelmaking 


High Quality Stainless Steel 


There is no substitute for quality. 
And there is no substitute for 
testing to assure the quality of a 
product. The men, machines and 
testing devices, in the laboratories 
at J&L Stainless Steel Division, 
are as important to the finished 
product as the men on the ladles, 
furnace or mill. They are the men 
who check the steelmaking pro- 
cess each step of the way. . . ana- 
lyzing it chemically and metal- 
lurgically . . . etching it to see if 
there are internal weaknesses . . . 
pulling it apart to check its ten- 
sile strength . . . subjecting it to 
shock impact tests at room and 


This metallographic microscope is used to inspect for cleanli- 


ness and proper structure. 


sub-zero temperatures . . . deter- 
mining its ability to harden under 
thermal treatment . . . checking 
its hardness . . . magnifying it a 
thousand times to study its micro- 
structure. 


It is here, in the testing labora- 
tory, that science and technology 
join experience and skill to pro- 
duce the finest stainless steel 
available . . . anywhere. 


STEEL 


Box 4606 


Rush Orders Filled from 
Ready-to-ship Inventory 


Quality, plus the ability to ship 
a wide range of stock immediately, 
is daily taking our customers 
“off the spot’’. A stock of hun- 
dreds of tons of finished stainless 
bars in a variety of grades and 
sizes is now available. Write for 
our latest stock lists, or for quo- 
tations on bars or billets. 


Jones & Laughlin 


STEEL CORPORATION 
STAINLESS STEEL DIVISION 


Detroit 34, Michigan 


FORMERLY ROTARY ELECTRIC STEEL CO. 


A Rockwell Hardness Tester is used to measure the hardness 
of a specimen after heat treatment. 


| 
if 
| 
| 
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Tensile testing determines ultimate tensile strength, propor- Magniflux testing determines internal quality. 
tional limit, yield strength, elongation and reduction of area. 


wie T= at: aa 
|. 
Complete heat treating facilities are available for use in preparing metal samples for testing. | 


means 


Gyros are the heart of many, modern navigation and fire- 
direction devices. The ball bearings used in these gyros 
are expensive to manufacture, for, with air-melted alloys, 
rejects average 15%. But with vacuum-melted alloys, 
rejects of finished balls have dropped to less than one 
percent. Here’s why: 

Surface finish is better because vacuum-melting reduces 
inclusions to the lowest level commercially possible . . . 
properties of the steel are more uniform in all directions 
and from heat to heat . . . fatigue, impact and ductility 

® 


are substantially improved. Specifically, 52100, 51100, 
440-C and similar grades are being used in production 
quantities for the most critical bearing applications. 
Vacuum Metals Corporation, Division of Crucible Steel 
Company of America, is the first and largest producer of 
vacuum-induction melted metals. VMC produces a wider 
variety of alloys than any other company. And it is now 
doubling its capacity to meet increasing demand from 
industry. A VMC engineer will be glad to work with you 
on metals problems which vacuum-melted metals may 
solve. Please write, giving as much data as possible, to 
Vacuum Metals Corporation, Division of Crucible Steel 
Company of America, P. 0. Box 977, Syracuse 1, N. Y. 


VACUUM METALS CORPORATION 


Division of Crucible Steel Company of America 
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LOBECK 
CONTINUOUS CASTING MACHINES 


FOR HEAVY AND LIGHT 
NON-FERROUS METALS 


Multiple Strands 
up to 25 feet length 


| 


alt 
- 


Simultaneous Casting of 


three Brass ingots 8” dia. 


Simultaneous Casting of eight Aluminum 
ingots with automatic Flow Control 


FOR EXTRUSION BILLETS AND ROLLING MILL SLABS 


@ Cast your own billets or slabs For discussion 


of your problems 
@ Modernize your existing casting facilities VISIT ~~ erry 1649 
@ Improve the quality of your ingots é NATIONAL METAL 


EXPOSITION 
@ Save labor and production costs in Chicago, November 4 to & 


Number, Size and Length of Ingots 
to Individual Requirements 


AFFILIATED WITH LOMA MACHINE MFG. CO., INC. 


Builders of specialized Equipment 
for the Non-ferrous Metal Industries 


CASTING PROCESSES INC. 114 EAST 32nd STREET ¢ ‘NEW YORK 16. NEW YORK 
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Thermocouple Electromax’ 
Controller for 
temperatures up to 3200 F 


* 0.3% LIMIT OF ERROR 
* 10 fv" CONTROL DEAD BAND 

* CONTINUOUS STANDARDIZATION 
© 4-WEEK DELIVERY 


*0.5 F for base metal thermocouples; approximately 
1.5 F for platinum thermocouples. 


Combining all the accuracy and reliability of a 
modified d-c potentiometer with a drift-free ampli- 
fier detector, this new Electromax signalling con- 
troller provides low-cost electronic two-position 
control where a record or continuous indication is 
not required. It’s ideal for many electric and fuel- 
fired furnaces, ovens, plastic extruding machines, 
and some types of chemical processing units. Other 
uses include zone control on continuous ovens and 
kilns, and excess (overheat) temperature cutout 
control. 

This compact signalling controller has only two 
moving parts—a plug-in relay and converter 
(chopper). These, together with simple circuitry 
and liberal use of plug-in components (including a 
plug-in amplifier), minimize maintenance and re- 


Design simplicity minimizes maintenance; sturdy 


a 
components resist normal shock and vibration. duce initial cost. To speed start up of your aah 
Precisely calibrated slidewire and circuit resistors Electromax is delivered four weeks after receipt 
hold stability. For easy servicing, amplifier slides of your order. 


out of case; standard vacuum tubes are used... 


their replacement requires no special selection. Other standard features include both thermo- 


couple and amplifier fail-safe, and automatic ref- 
erence junction compensation. Amber and red 


"7 Aas 2 7 signal lights indicate whether process temperature 
is above or below set point. 
| 
eke) For additional information on the thermocouple 
Co ae hd - = Electromax, call your nearest L&N office or write 
O . Ss 4927 Stenton Ave., Philadelphia 44, Pa. Ask for 
= Preliminary Data Sheet ND47-33(1). 
N 


Compact Electromax controller mounts flush in LELOS 7 NORTHRUP 


panel. Leads are brought to terminal board lo- 
cated on back of case. Net weight about 27 pounds. 
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Ten years ago, engineers considered 
180,000-psi tensile strength in steels the 
maximum they could use safely. 

Today, alloy steels with minimum 
strengths of 220,000 to 300,000 psi are 
being used commercially. These ultra- 
strength steels have the ductility and 
toughness needed for structural appli- 
cations. At tensile strengths above 
220,000 psi, they show more strength 
per pound of product than high-strength 
aluminum alloys. And at 260,000 psi, 
they are approximately 15% lighter 
than aluminum alloy products of the 
same strength. 

Molybdenum is an essential element 
in almost all of these steels. 

How are the higher strengths and 


Ultra-Strength Steels Boost 
Tensile Strengths to 300,000 psi. 


strength/weight ratios of these steels 
being used? Until recently, they’ve 
been utilized almost exclusively in air- 
craft components, such as landing gear. 
Now, however, they’re being considered 
wherever weight and space savings com- 
pensate for higher fabrication costs .. . 
as, for example, in equipment that must 
be moved (portable tools) ; gears, pul- 
leys, belts, liners; heavy machinery 
operating at high stresses; machinery 
where inertia is a design factor; 
materials-handling equipment, such as 
cranes; and transportation equipment. 


Like to know more about ultra- 
strength steels and their properties, and 
the names of manufacturers? For our 
free booklet, circle #1 on the coupon. 


Bulletin Shows 
How to Get Heat Resistance 
in Cast Iron 


In cast iron, heat resistance can mean 
different things: resistance to growth, 
to heat checking, to scaling, or to de- 
formation under load at high tempera- 
tures. 

“Why Moly Iron? #5” contains a 
chart showing the specific kinds of heat 
resistance needed by parts such as brake 
drums, melting pots, piston rings and 
so on. This chart also lists the best type 
of iron to use and the proper alloy 
additions. A number of detailed case 
histories document this useful bulletin. 

For a free copy of “Why Moly Iron? 
#5” circle #2. 


New Coatings May Solve 
Moly’s Oxidation Problem 


The most important obstacle to using 
molybdenum at high temperatures is 
being overcome. Oxidation is the prob- 
lem; at temperatures over 1000F, mo- 
lybdenum oxidizes rapidly. 

Newly developed coatings offer molyb- 
denum the needed protection. Three 
types are promising: 

1. Electro-deposited chromium and 
nickel layers which protect molybdenum 
to 2000F. 

2. Sprayed coatings of aluminum-chro- 
mium-silicon alloys, and nickel-boron 
alloys, which have proved effective at 
2000-2400F. 

8. Ceramic and molybdenum disilicide 
coatings which hold promise of protect- 
ing molybdenum from oxidation at even 
higher temperatures. 

Digested from “Protecting Molybde- 
num at High Temperatures” by Julius 
Harwood, Materials & Methods. For 
reprint of entire article, circle #3. 
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Booklet Deals with 
Molybdenum Joining 
Techniques 


Recent progress in joining molybde- 
num, and suitable means for protecting 
it from oxidation, are opening up new 
uses for molybdenum and its alloys in 

tructural components for high-tempe- 
rature service. 

“A New Look at Joining Molybde- 
num” by R. R. Freeman and J. Z. 
Briggs, both of Climax, analyzes the 
factors involved in joining moly and 
discusses the methods available. 

For the free booklet, circle #4. 


List of Moly Literature 
Now Available 


Copies of more than 30 recent pieces 
of technical literature on molybdenum 
are available from Climax Molybdenum 
Company. For a free list of these, in- 
cluding titles, authors, sources and 25- 
30 word summaries, just circle #5. 


Steels for Power-Plant, 
Refinery Equipment 
at 900-1 100F 


Designers of power-plant and refi- 
nery equipment who need to select steels 
for applications at 900 to 1100F will 
be interested in a copy of “Chromium- 
Molybdenum and Chromium-Molybde- 
num Vanadium Steels for power-plant 
and refinery service up to 1100F.” 

This paper, presented at the ASME 
annual meeting by George V. Smith, 
Bard Professor, Cornell University, 
appraises literature on the subject and 
draws some new, objective conclusions. 

For a free reprint, circle #6. 


New Climax Alloy Proves 
Unusually Wear Resistant 


These liner castings, made of Climax 321, 
proved highly resistant to wear in our ball mill 
discharge launders. Severe wear normally 
occurs in this operation as a result of erosion 
from the coarse pulp flowing out of the ball 
mill discharge. 


If you need a highly wear-resistant 
material, you may be interested in our 
new Climax 321 Alloy. It’s a hard, 
martensitic type of white iron contain- 
ing nickel, chromium and molybdenum 
in proportions that are well balanced, 
both metallurgically and economically. 


We've been using 321 Alloy in our 
own mining operations with exceptional 
results. Comparative tests in ball mill 
liners and grinding balls proved its 
excellent wear-resisting properties. 

Because this alloy is relatively new, 
service results in other applications are 
not yet available. However, our labora- 
tory studies and data indicate it should 
prove suitable for the general run of 
abrasion-resistant castings of the mar- 
tensitic white iron type—such as wear 
shoes, sand and dredge pump wearing 
parts, pug mill knives, mixer liners, 
ete 

Climax 321 can be melted in a cupola 
or electric furnace and cast in either 
sand or permanent (chill) molds. It has 
a normal hardness range of 55 to 62 
Rockwell “C”. 

Composition: Carbon 3.30-3.60%; 
Silicon 0.30-0.60; Manganese 0.50- 
0.80; Nickel 2.75-3.25; Chromium 1.75- 
2.25; Molybdenum 0.70-1.10; Sulphur 
0.15 max.; Phosphorus 0.30 max. For 
data sheet, circle #7. 


Climax Molybdenum Company, Dept. 5 
| 500 Fifth Avenue, New York 36, N. Y. 


1 I'd like more information on: 
1 2 3.464 
Nome 
Company 
Address— 
1 City 
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See it 
the Show 


AJAX-JUNKER 


IELTING 
URNAGE = 


*The Metal Show 
International 
Amphitheatre 
Chicago, coil supplied with ordinary 60 cycle current 
Nov. 4-8 inawers meal Unc Vigorous electromagnetic stirring in the molten metal 
electric controls regulate power, maintain high power 
toctor Morolithic refractory linings ore mode by raom- 
ming sturdy woter-cooled coil held in. a rigid frome-of_ 
magnet ondestructura! steel. 
mew pomeiple wos perfected in Europe over the last seven yeors. 
Gre now in vse. AJAX-JUNKER designs ore 
Basen on latest experience, using Americon components and practices 
throughout. 
Outstanding results Gre proven in these fields: 
DUCTILE AND ALLOY IRON CASTINGS 
BECOVERY OF JRON TURNINGS 
RECOVERY. OF “ALUMINUM SCRAP 
Available sizes range from 10:fons, with normal melting cycle 
pours, Power-totings ore 200 kw through 1500 kw 


60 CYCLE INDUCTION MELTING 


ENGINEERING CORPORATION 


TRENTON 7, NEW JERSEY 


Associated Componies: Ajax Electrothermic Corporation Ajox Electric Company 
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KEY TO FORGINGS 


: ILLUSTRATED Faster and faster, higher and 
higher — greater stresses, increased 
temperatures — all leading to a 
{ gl q 2. Jet Engine Vane — Titanium — 27 continually increasing dependence q 
im 4 Ibs.—15 inches. on forgings — and in the forging 
field there is no substitute for 
Aircraft Fitting Aluminum — 282 Wyman-Gordon quality, experience 

Ibs. — 86 inches. and know-how. 


. Aircraft Landing Gear — Aluminu a 
284 Ibs. — 47 inches. 

. Missile Ring Splice — Aluminum — 54 
Ibs. — 20 inches. 

. Aircraft Spar Frame — Aluminum — 
434 Ibs. — 142 inches. 

3 8. Missile Fin — Aluminum — 8 Ibs. — 

30 inches. 


WyYMAN-GORDON COMPANY 


Established 1883 
FORGINGS OF ALUMINUM @ MAGNESIUM e@ STEEL @© TITANIUM 
WORCESTER 1, MASSACHUSETTS 
HARVEY, ILLINOIS + DETROIT, MICHIGAN 
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CALL CRUCIBLE FOR PRECISION-ROLLED STAINLESS STRIP 


Crucible offers you precision-rolled stainless strip—in all standard grades 
—that is unsurpassed in uniform quality and finish. And when you buy from 
Crucible, you get these qualities consistently in coil after coil, no matter how 
many you order. »»» Remember: Crucible’s operations are fully integrated 
from raw material to delivery to you—a fact that assures you of high quality 
and prompt, dependable service. Crucible Steel Company of America, The 
Oliver Building, Mellon Square, Pittsburgh 22, Pa. 


C UJ C | LE| first name in special purpose steels 


Crucible Steel Company of America 


Canadian Distributor — Railway & Power Engineering Corp., Ltd. 


NEW, SUPERIOR 
LOADING SYSTEM 


INSET SHOWS PORTION OF THE 
BOOTH 1346 OLSEN SUPER “‘L''S, SUCH AS THE 


60,000 LB. CAPACITY MACHINE 
ABOVE. 


Keeping pace with the revolutionary SelecSrange Indicating System, the 
hydraulic loading system used in all Tinius Olsen Super “L"’ testing machines 
has been completely modernized. Uniform load application is assured by the 
new, exclusive Olsen stabilized piston design. This includes a duul pressure 
pump which provides positive piston lubrication under all loading conditions. 
The oil reservoir is shock mounted and flexible connections are used so that no 
vibration or pulsation is transferred to the indicating system. 

Loads are indicated with unmatched speed and accuracy on the large color 
coded Selectrange dial. With three separate ranges to choose from, loads as 
low as 1/50 capacity can equal full scale range for accurate load determina- 
tion—and the range can be changed during test with a flip of the Selecbrange 
switch. When a load cell is used, loads as low as 200 grams can represent full 
scale. 

Stress-strain curves, are plotted automatically when the Olsen Model 51 
electronic recorder is used. To assure accurate curves on specimens of all types, 
Olsen offers the widest selection of strain instrumentation available. 

For flexibility, accuracy plus unequalled ease of operation and low cost, the 
Tinius Olsen Super “L” is your best universal or compression testing machine 


buy. 
Get full details. Write today for Bulletin 47. 


TINIUS OLSEN 


TESTING MACHINE COMPANY 


2030 EASTON ROAD 7 WILLOW GROVE, PA. 
Testing and Balancing Machines 
METAL PROGRESS 
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AT MASSACHUSETTS STEEL TREATING CORPORATION ... 


NEW General Electric Induction Heater Brazes and 


Hardens up to 3 Tons of Job-lot Parts Every Day 


The new General Electric induction 
heating equipment used at Massachu- 
setts Steel Treating Corporation, Wor- 
chester, Massachusetts, quickly won the 
praise of Mr. Harry E. Boorky, their 
manager of manufacturing. 


FAST, HIGH QUALITY: Says Mr. Boorky, 
“The unit gives us automatically con- 
trolled heating and quenching cycles for 
treatment of the entire length or of any 
portion of the piece in only one pass.” 


BETTER CUSTOMER SERVICE: ‘In addi- 
tion, this new G-E heater gives us the 
advantage of quick-set-up changes 
required of the high-quality job-lot 
production we do for our customers. 
“Because induction heating can be 
carefully controlled to the exact point 
where needed and because it is extremely 


fast, the parts which we treat are virtu- 
ally free of troublesome scale—so cus- 
tomers are relieved of many cleaning oper- 
ations. They alsosaveon press or hammer 
maintenance and die life is increased.” 


FOR YOUR APPLICATION: General 
Electric electronic induction heaters are 
available in four ratings—7 '4-, 15-, 25-, 
and 40-kw, with a choice of four differ- 
ent models in each rating. These four 
models provide various control combi- 
nations, so you can buy the one induc- 
tion heater which best matches your 
production pattern from the standpoint 
of both rating and control. You don’t 
buy wasted capacity. 


HEAT TREATING PROBLEMS? Just call 
your local General Electric Apparatus 
Sales office, or send the coupon at right. 


GET MORE INFORMATION 


GENERAL ELECTRIC COMPANY 
SECTION 0722-7 
SCHENECTADY 5, NEW YORK 


Please send me a copy of Bulletin GEA-6388. 


COMPANY 


ADDRESS... 


The Areweld Manufacturing Company extends a cordial invitation 
to the visitors at the 39th National Metal Exposition to visit Booth 
1019 and discuss their testing problems and needs with us, and to 
see the following new equipment on display: 


Areweld Model “EE” Machine for Thermocouple Calibration Unit for 
either Relaxation Testing, Elevated research and laboratory use. 
Temperature Tensile Testing and/ 


or Creep Testing. Areweld Model “CE” Machine with 


Areweld Model “G” Machine with optical creep measuring equipment. 
Areweld Model “JE” Machine with 
Rapid Heating Unit for resistance completely automatic creep record- 
heating to any desired testing tem- ing equipment. 
perature in seconds. 

Extensometer Systems for virtually 
Areweld Model “M” Machine com- every type of test employing optical, 
pletely re-designed but still budget dial indication and fully automatic 
priced. recording systems. 


Manufacturers of Creep and Stress Rupture Machines, Elevated 
Temperature Tensile Equipment, Extensometer Systems, Atmos- 
phere Retorts, Rapid Heating Units, and Related Equipment. 


ARCWELD MANUFACTURING COMPANY 


Areweld Building Grove City, Pa. Phone: 1470 
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No other assembly floor in the world 
handles INDUCTION HEATERS LIKE THESE... 


This floor has a distinction of handling a 
greater variety and higher quality of 
induction heating equipment than any 
other floor in the world. Every kind of 
induction heating unit from 60 to 450,000 
cycles, including some of the largest ever 
built, passes through here. 


Magnethermic makes a complete range 
of induction heating equipment. To a 
buyer this range offers an important 
advantage ... He can expect an unbiased 
recommendation from Magnethermic. 


Whether the need be low-frequency, dual- 
frequency, high-frequency or electronic 
equipment, your inquiry to Magnethermic 
receives evaluation from three view- 
points: Application—the proper fre- 
quency and design of equipment for the 
job. Engineering — appraisal of equip- 
ment to meet the specific needs of your 
product and production. Manufacturing 
— built for most efficient operation and 
matched to integrate with your produc- 
tion line.. Net result—a more efficient in- 
duction heating installation at lower cost. 


MAGNETHERMIC" 


RP OR AT N 


3990 SIMON RD\ YQUNGsTOWs 


Induction 
Heating 
Equipment 
60 to 450,000 
cycles 


Atwood Vacuum Machine 
Metallurgist says: 


“ARMOUR 
AMMONIA 
helps Atwood meet 
strict customer 


specifications” 


Wilhelm Olson 

Metallurgist 

Atwood Vacuum Machine Co. 
Rockford, Illinois 


“Armour technicians 
helped solve our ammonia 
problems at Benrus.”’ 


Verner R. Lundquist 
Plant Engineer 
Benrus Watch Company, Inc. 


“At Du Mont, we cut costs 
with Armour Ammonia.” 
A. R. Dutcher 
Purchasing Manager @& 
Cathode-Ray Tube Division 
Allen B. Du Mont 
Laboratories, Inc. 


“C*INCE 1916 we have produced high quality automo- 

tive body hardware. Over the years we have had 
to meet increasingly difficult specifications. Today they 
are extremely critical, and Armour Ammonia is an im- 
portant factor in meeting them. 


In our carbonitriding process we are given specifica- 
tions that range from skin surface hardness to .030 
inch case depth. Armour Ammonia’s consistent high 
quality enables us to produce a hardness depth as low 
as .003 inch. 


Put together a quality product, prompt delivery serv- 
ice, unexcelled technical assistance and you have the 
reasons why Atwood Vacuum buys only Armour Am- 
monia—and why I as a metallurgist count on it.” 


For 99.98% pure ammonia, backed by unexcelled technical 
service, call your nearest Armour sales office—or write 
directly to Chicago for complete information. 


1355 West 31st Street - Chicago 9, Illinois 
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Any similarity to a real-life company 
is purely intentional 


How did the 
\ lathe builder get 


\ 


the worm to turn? 


Henry Wadsworth Headstock had a dream. About a 
better turret lathe. It used worm gears in the drives. 
He not only doodled it — he dood it. And he got a 
venturesome soul to try out a pilot 
model of his new Turnabout Lathe. 
Then his troubles started to multi- 
ply — like ants at a picnic. For the 
worm gears conked out with a sickening 
regularity. There were 12 replacements 
in 24 weeks. (Three guesses what the big wheels thought 
of that!) Things certainly were in one heck of a mesh. 
Then Henry heard of Ampco Metal, the special 
copper-base alloy. And he had a worm gear made out 
of it. The last we heard, the Ampco Metal 
gear had been running for a whole year 
# =) and still showed no signs of wear. 
ce > Frankly, we’re not surprised. Gear serv- 
<, y, we ot surp 
ice — in fact, any wear application — is 
duck soup for Ampco Metal. It resists 
deformation under heavy loads and speeds — so tooth 
contours hold their original shape. There’s no scoring, 
no galling — the worm has true 
bearing action against the worm 
wheel. Damping characteristics, 
plus fine mating properties, reduce 
the noise of the gear set. 
The moral is obvious: Why ata 
gamble with guesses on gear life 
(or other critical parts), when it’s so easy to be sure. 
If you want to know more about 
<> Ampco Metal, call in your Ampco 
field engineer. Write for Bulletin 33. 
Ampco Metal, Inc., Dept. MP-10, Milwaukee 46, 
Wisconsin. (West Coast Plant: Burbank, California) 


See us in Chicago 
at the Metal Show 
Booth 1768 


AMPCO® METAL The metal without an equal 
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No matter which /Y//(97/ you like—you can buy it in - 


QUALITY STAINLESS STEEL 


2D-4 silvery white, but non-lustrous, 
surface produced by annealing and pick- 
ling cold reduced material. Steel sheets & 
strip in this condition are most ductile 
and the surface holds lubricant well for 
severe drawing operations. 


No. 4-—a finer finish than No. 3 made 
by grinding with a No. 150 abrasive. Like 
No. 3, this surface is easily blended with 
hand grinders after forming, drawing or 
welding. 


2B-steel in the 2D condition which is 
subsequently rolled on a “skin pass” or 
temper mill. The surface acquires a bright 
finish from the polished rolls. This surface 
is somewhat more dense and hard than 
2D and is a better starting surface for 
later finishing and buffing operations. 


No. 7—cood reflectivity and brilliance 
made by polishing with a No. 400 abra- 
sive. This semi-mirror finish must be pro- 
tected during fabrication by adhesive 
paper or strippable plastics lest the finish 
be marred beyond repair. 


These are our standard surface finishes that 
are available in types 201, 202, 301, 302, 304 and 430 


No. 3-—this surface is made by grind- 
ing with a No. 100 abrasive. This surface 
is smooth but not as reflective as 2B. 


BRIGHT-_« highly reflective surface 
made by cold reducing with highly pol- 
ished, glass-hard rolls. This finish is only 
available in Type 430 stainless. 


except Bright which is type 430 exclusively. 


These finishes are regularly supplied in sheet and coil 
form in widths up to 48 inches. 
Since Nos. 3, 4, 7 and 430 Bright are smooth 
reflective surfaces, they are not recommended for severe 
drawing without special precautions as the mill finish may be 
marred. Applications such as dairy machinery, kitchen 
and restaurant equipment and architectural decorative work 
require only local forming, so these highly polished 
surfaces are not greatly disturbed. All mill polished sheets are 
carefully packed to avoid handling imperfections. Protective 
adhesive paper can be specified by the buyer when needed. 
For specific information on recommended 
surface characteristics for a particular stainless steel 
sheet and strip application, address 
your request to our Product Development Dept. 


Washington Steel Corporation 


Producers of Stainless Sheet and Strip Exclusively 


10-T WOODLAND AVENUE, WASHINGTON, PA. 
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Giant retort runs at 2100°F and O.3 microns 
vacuum...half-inch Inconel prevents collapse 


There are many vacuum furnaces. 


But, so far as we know, none so 
big (the work chamber is 14 feet 
long by 6 feet in diameter ), runs so 
hot, at so high a vacuum. 


As in other vacuum furnaces oper- 
ated at high temperature, the retort 
in this one is Inconel* nickel-chro- 
mium alloy. 


There are three good reasons for 
this. First, Inconel alloy is strong, 
highly resistant to oxidation. Half- 
inch plate is ample to prevent col- 
lapse.Second, Inconel alloy provides 
long-term insurance against damage 
caused by thermal shock. Third, no 


commercially available wrought al- 
loy of comparable capabilities is 
easier to fabricate in large and 
heavy sections. 


If you are designing equipment 
for high temperature service, take a 
tip from the men who are building 
the units that operate under extreme 
conditions. Consider Inconel alloy. 


To make your planning easier, 
write for the Inco booklet, “Keeping 
Costs Down When Temperatures 
Go Up.” You'll find it’s packed with 
pictures and descriptions of success- 


ful equipment. * Registered trademark 


The International Nickel Company, Inc. 
67 Wall Street New York 5,N.Y. 


* Vacuum heat treats full-sized sheets 


This gigantic electrically operated 
vacuum furnace degasses and an- 
neals large forgings, extrusions and 
full-sized titanium alloy sheets in 
the flat. A unique internal tube cool- 
ing system sets “honeycomb sand- 
wich” brazed joints prior to transfer 
of the assemblies into the unit's 
cooling chamber. Overall, the unit 
exceeds 40 feet in length. The 
vacuum system (F. J. Stokes Com- 
pany) evacuates its 1400 cu. feet 
to 0.3 microns in 23 minutes. The 
facility was built for North Ameri- 
can Aviation’s Missile Development 
Division by Lindberg Engineering 
Co., Chicago, Ill. 


NICKEL ALLOYS 
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Water-cooled Skew Back Roof Ring/ | 


One of the features of the new Heroult is its low-cost 
maintenance. It is designed to make bricking easy and 
economical. Even the repair of the removable roof can 
be accomplished in much less time and with less labor 
and material cost. For the Heroult is the only electric 
furnace on the market with a water-cooled, skew-back 
type of roof ring. This patented design feature eliminates 
the need of special skew-shaped brick. 

Embodying the latest in mechanical and electrical 
equipment, these widely used furnaces are noted for 
efficient performance and low operating and mainte- 
nance costs. 

They are available in size of shell diameter ranging 
from 7’0” up to 24’6”, and with rated charge capacity of 
from 8000 lbs. up to 400,000 Ibs. They are equipped with 
removable roofs to permit top charging. Both gantry 
and swing-type roof-removing mechanisms are available. 
Door-charging furnaces and furnaces of special design, 
including units equipped with non-magnetic steel bot- 
toms to permit induction stirring, can be supplied. 

We welcome an opportunity to help you select and 
install the Heroult best suited to your needs. 


The Heroult is the only 100% 
mechanically operated electric furnace 


All of the movements of the Heroult are handled by motor- 
driven gear mechanism. This is a very important advantage, 
for it eliminates many maintenance difficulties. Your own 
maintenance man can easily keep this modern electric furnace 
performing efficiently with a minimum of service. 

This and other Heroult exclusives, such as cage-type shell 
construction, independently supported operating mechanism, 
and water-cooled skew-back roof ring, make the Heroult the 
finest electric melting furnace on the market. 


Ask for latest catalogue 


This free catalogue will help you determine 
how Heroult Electric Furnaces can improve 
your operation . . . and enable you to make 
better quality steels. Tells you where and 
when an electric furnace is desirable. Gives 
furnace types, sizes, capacities and ratings. 
For your free copy, just contact the office 
nearest you, or write direct to Pittsburgh. 


AMERICAN BRIDGE DIVISION 


UNITED STATES STEEL CORPORATION, GENERAL OFFICES: 
525 WILLIAM PENN PLACE, PITTSBURGH, PA. 


Contracting Offices in New York, Philadelphia, Chicago, San Francisco 
and other principal cities 


United States steel Export Company, New York 


Exclusive with the Heroult: x 
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Crucible 


‘ of these C rucible casting: 


Because the castings in the picture are 
Alnico magnets, their finishing usually 
calls for costly grinding operations. 
That’s because Alnico materials are hard 
and brittle. These castings, however, need 
virtually no finishing at all. The reason 
is to be found in the type of casting: 
Crucible Accumet® precision investment 
casting. 


Crucible uses hot molds with special 
inner linings for producing Accumet pre- 
cision investment castings which give 
two advantages: (1) they turn out cast- 
ings to close tolerances, and (2) they 
produce surfaces that are exceptionally 


fine. These two advantages virtually 
eliminate all finishing operations. Cru- 
cible precision investment castings are 
available in a complete range of stainless, 
tool, and alloy steels, as well as Alnico 
permanent magnets. 


For detailed information, write for 
booklet on “Crucible Accumet Invest- 
ment Castings’’. Or you can find out 
exactly what type of castings you need 
by calling your Crucible representative. 


Crueible Steel Company of America, 
The Oliver Building, Mellon Square, 
Pittsburgh 22, Pa. 


C UJ C i first name in special purpose steels 


Steel Company of America 


Canadian Distributor — Railway & Power Engineering Corp., Lid. 


ishing costs for them all are kept down: y _ 


VISIT 


BOOTH 1735 


National Metal Exposition & Congress 
international Amphitheatre 
Chicago—November 4-8 


NATIONAL Malleable Iron 
HTM Pearlitic Malleable Iron 
NACO Carbon Steel 

NACO Alloy Steel 

NACO Manganese Steel 


NATCO Gray Iron 


NATIONAL “:'="" CASTINGS COMPANY 


Established 1868 Cleveland 6, Ohio 
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Foxboro Dew Point Control on C. lL. Hayes Hardening 
Furnace at W. H. Nichols Company, Waltham. Mass. 
Gears and other parts used in the production of 
Nichols’ rayon and nylon pumps are treated in this 


furnace at temperatures of approximately 2250°F. 
Foxboro Control Valve at right of controller precisely 
regulates flow of propane gas to furnace ... holds 
furnace moisture at pre-set value. 


...FOXBORO Dew Point Control 


It's a cinch to maintain proper moisture conditions 
in any atmosphere furnace equipped with Foxboro 
Dew Point Control. This advanced control system 
is the easiest to operate — easiest to maintain. Here's 
how it works... 

The unique Foxboro Dewcel* element continuously 
“senses” the dew point of a running sample of the 
furnace gas. The Foxboro Controller continuously 
records this value and automatically regulates the 
generator or corrective device for optimum moisture 
content at all times. The only maintenance this 
system requires is occasional rinsing and “re-wetting” 
of the Dewcel element! 

Foxboro Dew Point Control is available for meas- 


urement and control of dew point as low as —30°F 
dew point, and up to +142°F dew point. It provides 
positive protection against decarb, etching, scaling, 
and carbon deposit caused by incorrect atmosphere. 
For better production of a better product in your 
heat treat, get full details on Foxboro Dew Point 
Control. Write The Foxboro Company 5210 Neponset 


Ave., Foxboro, Mass., U. S. A. *Reg. U.S. Pat. Off. 


OXBOR 


REG. U.S.PAT OFF. 
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with basic facts about alloy steels. Though much of the in- 
formation is elementary, we believe it will be of interest to 
many in this field, including men of broad experience who 
may find it useful to review fundamentals from time to time. 


XXIV This is the twenty-fourth of a series of advertisements dealing 


(Quenching and Tempering Alloy Steels 


Of the various methods of heat- 
treating alloy steels, the most impor- 
tant is that involving quench and 
temper. This method, which en- 
hances the mechanical properties of 
the end product, differs materially 
from normalizing and annealing 
(previously discussed in this series). 

The purpose of quenching is to 
effect a cooling rate sufficient to de- 
velop the desired hardness and 
structure. 

Before quenching takes place, 
steel is heated to a point above the 
transformation range. Quenching is 
the subsequent immersion of this 
heated steel in a circulated or agi- 
tated bath of oil, water, brine, or 
caustic; or, in the case of austemper- 
ing or martempering, generally in 
agitated molten salt baths. Aus- 
tempering and martempering are 
preferable where a minimum of dis- 
tortion is desired. 

Quenching increases the tensile 
strength, yield point, and hardness 
of alloy steels. It decreases ductility 
—that is, elongation and reduction 
of area. It also decreases resistance 
to impact. However, by means of 
tempering, it is possible to restore 
some of the ductility and impact- 
resistance—but only at a sacrifice of 
tensile strength, yield point, and 
hardness. 

The results of mild oil- or water- 
quenching as related to mass effect 
can be found in the end-quench 
hardenability test. Voluminous data 
concerning this test are issued by 
AISI and SAE in the form of 
hardenability bands for the various 
grades of alloy steels. 

If thermal cracking is to be 
avoided, cooling by liquid quench- 
ing should not be carried to a point 
below 150 deg F. When a tempera- 
ture of 150 deg F is approached, im- 


mediate tempering should follow. 
Because of residual stresses, no steel 
should be used in the as-quenched 
condition. 

Tempering can be defined as re- 
heating to a specified temperature 
below the lower critical range, fol- 
lowed by air cooling. It can be done 
in furnaces, oil, or salt baths, the 
temperatures varying from 300 to 
1200 deg F. With most grades of 
alloy steel, it is best to avoid tem- 
peratures between 500 and 700 deg 
because of the “blue brittleness’’ 
that occurs in this range. Maximum 
hardness and wear-resistance result 
from tempering at low temperatures; 
maximum toughness is achieved by 
tempering at the higher levels. Of 
course, one of the essential reasons 
for tempering is to relieve the resid- 
ual stresses set up in quenching. 

Bethlehem metallurgists have de- 
voted years of study to quenching, 
tempering, and other phases of 
heat-treating. By all means call 
them if they can be of service to you. 
And please remember, when you are 
next in the market for alloy steels, 
that Bethlehem makes all AISI 
standard grades, as well as special- 
analysis steels and the full range of 
carbon grades. 


If you would like reprints of this series of adver- 
tisements from No. I through No. XX, please 
write to us, addressing your request to Publica- 
tions Department, Bethlehem Steel Company, 
Bethlehem, Pa. The first 20 subjects in the series 
are now available in a handy 36-page booklet, 
and we shall be glad to send you a free copy. 


BETHLEHEM STEEL COMPANY 
BETHLEHEM, PA. 


On the Pacific Coast Bethlehem products 

are sold by Bethlehem Pacific Coast BETH EHEM 
Steel Corporation. Export Distributor: ST EL 
Bethlehem Steel Export Corporation 


BETHLEHEM STEEL 
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No. 1950 
ULTRASONIC CLEANER 


FOR METALLOGRAPHY 


No. 1952 Positioning Clamp and Automet Holder 


This new scientific development is ideal for Beaker. The positioning clamp is required to ac- 
cleaning metallographic specimens. It removes commodate the specimen holder from the Buehler 
the hazard of carrying abrasive particles from a Automet automatic polishing attachment. 

coarse grinding stage on to a finer grinding 

stage. The cleaning is accomplished quickly, A New Electro Polisher and Power Operated Press 


thoroughly and at low operating cost. No skill is with other Buehler products will be exhibited at the 
required. Additional speed and convenience is 


achieved by using an additional Transducer NATIONAL METAL EXPOSITION 
BOOTH 1235 CHICAGO, Nov. 4-8 


METALLURGICAL APPARATUS 


2120 GREENWOOD ST., EVANSTON, ILLINOIS, U.S.A. 
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QUENCH OIL COOLING 


helps CHRYSLER oaiaintain uniform quality of heat treated parts 


In the Chrysler Automatic Transmission Plant at Indiana- 
polis, Indiana, holding uniform quality of heat-treated 
parts is aided by controlled quenching with B&G oil cooling 
equipment. 

A B&G Hydro-Flo Oil Cooling System eliminates the 
warping and quality variations caused by uncontrolled 
quenching. The oil in the quench tank is kept constantly 
at whatever temperature is desired and at maximum tur- 
bulence. Each group of parts passing through the operation 
is processed under identical conditions, thus insuring con- 
sistent quality. 

B&G Oil Cooling Systems may be purchased as complete 
“packages” or as component parts for assembly on the 
job. B&G Quench Tanks are also available—either in 
standard designs or built to your specifications. 


COMPLETELY SELF-CONTAINED UNITS The B&G engineering department is always at your 


B&G Hydro-Flo Self-Contained Oil Coolers combine Coolers, 
Motors, Strainers and all controls into single, integrated 
units. Fully automatic, they keep oil temperature at the 
desired degree through all stages of the 
quench. Your only responsibility is to 
connect to the quench tank and water 


can be easily moved if ever \ Ol L QUE NC ke 


4 SYSTEMS 


Oil Coolers. Send for your copy. Cept. EZ-16, Morton Grove, Illinois 
Canadian Licensee: S. A. Armstrong Ltd., 1400 O'Connor Drive, Toronto 16 
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This “extra axle” conversion assembly, built ex- 
clusively by Calumet Tonnage Master Fabricators, 
Inc., for the Fruehauf Trailer Company, enables 
truck operators to get maximum performance from 
their existing equipment. 


YO L Oo Y le) lad | & Riding behind a two-axle tractor, a Tonnage Mas- 


ter provides increased load carrying capacity, re- 
duction in tractor wheelbase, improved traction on 
ON TH E J OB curves, increased tire life as well as easier riding 
through utilization of more springs. 
All components—except springs and axles—are 
fabricated from Youngsiown’s Yoloy “E” high 
eee providing increased strength, strength-low alloy steel. This versatile steel was 


: . wisely specified to provide the units with longer 
corrosion and impact resistance for life, increased resistance to shock, vibration and 


Fruehauf’s new “Tonnage Master” corrosion, as well as lighter—yet stronger—con- 
struction. 
Youngstown’s complete family of Yoloy steels is 
available in Sheets, Plates, Bars, Shapes, Cold 
Drawn Bars and Tubular Products. Complete in- 
formative Data Sheets on each Yoloy steel will be 
promptly sent upon request. 


Tonnage Master Unit 


\ 
Combination of a two-axle tractor, Tonnage Master 


and a dual-axle trailer provides five axles for car- 
rying top loads at greater safety. 


Write for these free pamphlets in 
The Yoloy Family series: 
YOLOY “E”" High Strength Low 
Alloy Steel—standard 
applications 
YOLOY High Strength Low 
Alley Steel—special v 
applications YOUNGSTOWN 
YOLOY “s” Higher Strength Steel ° 
for increased service y 
life 
YOLOY “Cc” Corrosion Resistant 
Grade for deep forming 
YOLOY PIPE Centinuous Weld for 
corrosion resistant 
applications 


THE YOUNGSTOWN SHEET AND TUBE COMPANY 
Manufacturers of Carbon, Alloy and Yoloy Steel 
General Offices - Youngstown 1, Ohio 
District Sales Offices in Principal Cities 
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OAK RIDGE NATIONAL LABORATORY 
USES NUCLEAR SYSTEMS’ RADIOGRAPHY MACHINES 


The Oak Ridge National Laboratory, operated by Union Carbide Nuclear Company for 
the United States Atomic Energy Commission, is using radiography machines developed 
and manufactured by Nuclear Systems, a division of The Budd Company, for their atomic 
research activities. 

Shown above is an operator using Nuclear Systems’ Model 30, checking a circumferential 
weld on a fabricated stainless steel pressure vessel, an evaporator used for waste disposal 
processing of radioactive materials. 

Within 10 minutes the operator can make an internal exposure of a complete circum- 
ferential weld, using iridium 192. 

Weighing only 55 pounds, the Nuclear Systems’ radiography machine Model 30 is ideally 
designed for portability and in-shop exposures. 


/NUCLEAR 
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Bulk Airco tungsten carbide 
bonded to a pellet mill roller by 
shielded arc welding form a 
tough, abrasive surface. 


3 TIMES LONGER LIFE FOR 
PELLET MILL ROLLERS with 
AIRCO TUNGSTEN CARBIDE 


The preparation of animal feed is extremely severe 
on pellet mill rollers which are subject to the highly 
abrasive chemical additives used in the mixture. Ordi- 
nary hardfacing materials failed to extend the service 
life of these rollers sufficiently to satisfy the Sprout- 
Waldron Company, Pennsylvania manufacturer of 
equipment used in the cattle and feed industry. 

An Airco Technical Sales representative tackled 
the problem. After extensive experiments, tungsten 


protected by Airco tungsten carbide lasted 2 to 32 
times longer than regularly hard-faced rollers. In a 
production set-up using bulk Airco tungsten carbide, 
Sprout-Waldron has also reduced welding time by 
25%. And further savings are realized because the 
tungsten carbide forms a hard, abrasive surface 
which eliminates the need for grinding welds smooth 
and cutting slots in the face of rollers. 

Next to diamonds, tungsten carbide is the hardest 


carbide was welded to the rollers, using Air Reduc- 
tion’s inert gas—shielded arc process—Heliwelding. 
The rollers were then put into service at one of 
Sprout-Waldron’s customer plants. 

The operation was a complete success. The rollers 


commercial material known. If you have any problem 
concerning abrasion, call on our Technical Sales 
Service Dept. Let us show you how tungsten carbide— 
in bulk or electrode (Tungtube) form can provide 


resistance to abrasion in many applications. 


AT THE FRONTIERS OF PROGRESS YOU'LL FIND... Saas) 
S 


Offices and deolers in 
most principal cities 


On the west coast 

Air Reduction Pacific Company 
internationally 

Airco Company International 
in Cuba - 

Cuban Air Products Corporation 
in Canada - 

Air Reduction Canada Limited 


Air REDUCTION SALES COMPANY 


A division of Air Reduction Company, Incorporated 
150 East 42nd Street. New York 17, N. Y. 


Products of the divisions of Air Reduction Company, Incorporated, include: AIRCO — industrial gases, welding ond cutting equipment, and acetylenic chemicals * PURECO 


— carbon dioxide — goseous, liquid, solid (“"DRY-ICE’’) » OHIO — medical gases and hospital equipment « NATIONAL CARBIDE — pipeline acetylene and colcium 
carbide * COLTON — polyviny! acetate, alcohols, and other synthetic resins. 
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WELDCO is available in 
Stainless Steel, Monel, Inconel, 
Nickel, Cupro-Nickel, and 
Hastelloy, in tube and pipe 
sizes from 3” to 30”, 
Schedules 5, 10 and 40. 


Photo Courtesy of Newport News 
Shipbuilding and Dry Dock Co. 


ty 

WELDCO 


WELDED TUBING 


Used in All FORRESTAL-Class 
Carriers for Water Lines 


Only the finest materials go into the production 
of Uncle Sam's fighting ships. In the Forrestal-Class 
Carriers, WELDCO Welded Cupro-Nickel Tubing was 
used for the water and flushing lines, because WELDCO 
is a quality Tubing. It's less expensive, too -- both the Navy 
and the shipbuilding industry have realized tremendous 
savings in various WELDCO applications. 


If you coane tion it will pay you to check the many uses and 
advantages of WELDCO 
_WeldedTubing. Remember --- 


Whatever Your Needs In Tubing... 
You're Way Ahead With WELDCO 


| 
‘ 
7 THE YOUNGSTOWN WELDING & ENGINEERING CO 
aN 3721 OAKWOOD AVE. . + YOUNGSTOWN, OHIO. 
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ALLOY ENGINEERING 
& CASTING COMPANY 


VISIT YOUR ACCOLOY ENGINEER IN BOOTH 442 


We will be on hand again to welcome you to our 
exhibit at the National Metal Show in Chicago, 
Nov. 4-8. Stop and see for yourself the sensational 
records that are being made by companies using 
ACCOLOY Heat and Corrosion Resistant castings. 
Get the facts on the successfully operated heat treat 
departments that are showing a profit by following 
the advice of Accoloy Engineers, who study each indi- 
vidual project and follow through to insure a design 
that will give maximum service life far beyond the 
initial alloy cost. Get proof positive why ACCOLOY 
castings are still being “ preferred by industry.” 


ALLOY ENGINEERING & CASTING CO. 


1700 W. Washington Phone: 6-2568 
CHAMPAIGN ILLINOIS 


e 
: 
e 
o 
a 
ENGINEERS AND PRODUCERS OF HEAT AND CORROSION RESISTANT CASTINGS 
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This unretouched photograph shows deterioration of 
25-12 alloy radiant tube after 10 months service. 


This unretouched photograph shows radiant tube of 22H still in service- 
able condition after 78 months service in the hot zone where tempera- 
tures averaged 1850°F. 


22H establishes new service record! 


Has provided five times longer service life for 
radiant tubes in annealing furnace...and still going strong 


Faced with mounting production losses and in- 
creasing tube replacement costs, a manufacturer of 
continuous weld carbon pipe began to experiment 
with the new high temperature alloy 22H for the 
““W” type radiant tubes in his annealing furnaces. 

After seven years of in-use testing in all heat 
zones of the furnaces, this user found that the 
service life of radiant tubes made of 22H was in- 
creased far beyond the performance range of radiant 
tubes made of 25-12 type alloy. 

After a total of 78 months service in temperatures 


ranging from 1700 to 1925°F., the 22H tubes were 
found to be in good condition and still continue in 
service. A 25-12 tube installed in the same position 
failed after 10 months service. 

Since its introduction eight years ago, 22H has 
proven itself in many applications where severe 
operating conditions and elevated temperature 
ranges are the rule. 

A National Alloy engineer will be glad to show 
you further proof of performance, and to discuss the 
use of 22H in your operation. 


BLAW-KNOX COMPANY 
National Alloy Division 
Pittsburgh 38, Pennsylvania 
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PERMABRASIVE is the only pearlitic malleable iron shot 
and grit on the market. Pearlitic malleable iron is made with 


the proper analysis and controlled heat treatment. The result is 


malleable iron with a more durable structure and, in abrasives, 


“pearlitic” means a greater resistance to break down, longer life, 
greater cleaning ability with all the advantages of lower abrasive 


costs, lower maintenance costs, faster cleaning! 


is a magic word! 


National Metal has been making pearlitic malleable shot and grit 
for several years. Permabrasive—the only pearlitic malleable shot 
and grit—has been a pioneer in the field of premium quality abra- 
sives and has saved thousands of dollars for hundreds of foundries! 


Sure, Permabrasive pearlitic malleable shot and grit costs a little 
more per ton than ordinary annealed abrasives. That’s because it 
costs more to make. But its use has snow-balled, because it saves 
money on abrasives used and cuts maintenance costs substantially. 
Your savings are guaranteed in writing when Permabrasive goes to 
work in your blast cleaning room. 


TIRED OF TESTING? 


No one blames you for being tired of making endless, complicated 
tests to prove every claim that comes along! We suggest you use 
a “time-meter"—and reduce your operation to simple “wheel- 
hours.” An office boy can keep the records—doesn't interfere 
with operations—gives you all the dope you need on abrasive con- 
sumption, evaluating materials and equipment parts, and fur- 
nishes excellent cost records. Write for free folder: “Tired of 
Testing!" 


PERMABRASIVE® PEARLITIC MALLEABLE SHOT AND GRIT IS PRODUCED EXCLUSIVELY BY 


NATIONAL METAL ABRASIVE COMPANY 


3568 NORTON RD. « CLEVELAND 11, OHIO 


SOLD EXCLUSIVELY BY 


HICKMAN, WILLIAMS & COMPANY 


CHICAGO, DETROIT, CINCINNATI, ST. LOUIS, NEW YORK, 
CLEVELAND, PHILADELPHIA, PITTSBURGH, INDIANAPOLIS 
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Navy ASD, largest carrier based jet aircraft 


The hook’s made of Hy-Tuf 
designed to take exactly this kind of beating 


In a split second, an arresting hook made of Crucible 
Hy-Tuf® stops a jet dead in its tracks. No other alloy can 
meet this particular aircraft’s needs so well. And Hy- 
Tuf does it because it was developed by Crucible speci- 
fically for aircraft landing gear, hooks, and other such 
tough applications. Hy-Tuf is covered by AMS-6418B 
and MILS-7108. 

Now other fields are benefiting from Hy-Tuf’s tensile 
strength of over 230,000 psi. By taking advantage of its 
high strength and high toughness, cross section can be 
reduced to save weight. This means savings on a variety 
of applications from heavy-earth-moving equipment to 
power tools . . . power-driven garden tools . . . and all 


types of portable motors where a high strength-weight 
ratio is important. 


Furthermore, special tools and shafts are logical 
applications for Hy-Tuf when weight and cross-sectional 
dimensions must be limited. Where such limitations do 
not permit sufficient fillet or radius for standard alloys, 
a higher impact and less notch sensitive alloy, such as 
Hy-Tuf, is needed. 


Ask for data about Hy-Tuf or other ultra high 
strength steels which may meet your needs more closely. 


Write to Crucible Steel Company of America, The 
Oliver Building, Mellon Square, Pittsburgh 22, Pa. 


le R U C j Q LE| first name in special purpose steels 


Crucible Steel Company of America 
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Do you have a difficult clean-up or descaling job? 


SODIUM 
hydride descaling 


time means money 


attacks base metal...acts uniformly on high spots and 


Try sodium hydride. This versatile method deseales crevices alike. 
a wide range of metals and alloys...pipes, bars, sheets, Like to test this fast, highly efficient descaling 
wire, molds. And in only minutes! method? The coupon below will bring descriptive 
Equipment is compact, low in cost, easily main- literature or, if you prefer, one of our experienced 
tained. No problem of waste disposal or metal pitting. Chemical Engineers will be glad to call and discuss 
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No loss of metal or money. Sodium hydride never 


your needs. Just indicate your choice. 


ETHYL CORPORATION 
for industry 


100 PARK AVENUE, NEW YORK 17, N. Y. « CHICAGO + TULSA + LOS ANGELES 
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ETHYL CORPORATION 
100 Park Avenue, New York 17, N.Y. 


[| Please send NAME 
FIRM 
| 
L | Please have ADDRESS 
Engineer call 
city__ STATE 
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cutting holes in 
production 
costs 


OXWELD 


Trade-Mark 


PORTABLE 
CUTTING 
MACHINES 


Here’s the modern, efficient way to 
slash maintenance and production costs 
—mechanized flame-cutting with OXWELD 
Portable Cutting Machines. These ver- 
satile machines offer you a matchless 
combination of speed, production-line 
accuracy, and low-cost operation —a 
combination that adds up to greater 
savings for you on every cutting job. 

And like every OXWELD product, 
OXWELD Cutting Machines are backed 
by half a century of experience and 
know-how ... your guarantee of peak 
performance and quality results. 


Ask your nearby LINDE representative 
to show you the complete line of depend- 
able OXWELD Portable Cutting Machines 
—or write for free catalog F-4487. Do 
it today! 


LINDE COMPANY 


DIVISION OF 


CORPORATION 


30 East 42nd Street, New York 17, N. Y. 


In Canada: LINDE COMPANY, Division of Union 
Carbide Canada Limited, Toronto 


“Linde,” “Oxweld,"” and “Union Carbide” are regis- 
tered trade-marks of Union Carbide Corporation. 
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bevel, straight-line, or precision shape- 
Straight lines in steel plate up to 10 in. i 
thick yet weighs only 49 Ibs. Ideal for 
2 
fast, accurate cutting in metals up to 
10 in. thick. Only 29 Ibs. complete. 
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NATIONAL ENGINEERING SERVICE 


on 
Heat and Corrosion Resistant Castings 
and Fabrications 


General Alloys Company products are backed 
by a national engineering service offering un- 
excelled mechanical and metallurgical Heat and 
Corrosion Resistant Alloys for all Defense and 
Industrial applications. 


"There is no substitute for Experience’”’ 


GENERAL ALLOYS BRANCH OFFICES AND REPRESENTATIVES 


513 Park Avenue Edward T. Connolly Don B. Hutehine 226 River D P.0. Box 
224 S. Michigan Ave. 3-147 General Motors Bide. 405 Wysor Bids. 


BUFFALO 2, CLEVELAND 15, Obie Indiana 7. new 
P.0. Bo P.0. Ben 1176 "4003 Avenue Hayward Mill Road 
Buffalo 3. N.Y. Ave. 2906 West Concord, Mass. 


BIRMINGHAM, Alabama DENVER, Colerade 
Berry 6. Traey C. 
544 American Bids. 95 S. Ammons St. 


HOUSTON 3, Texas INDIANAPOLIS 8, Indiana NEW YORK 7, New York 
Wm. E. Ce. The George 0. Desautels Co. General Alloys Co. 
2302 N. Meridian Street itred M. oter 
Box 701! 50 Church Street 


ST. LOUIS 16, Missouri 
Associated Steel Milla, Ino. 
P.O. Box 4235 


405 WEST FIRST STREET BOSTON, MASS. 


“OLDEST AND LARGEST EXCLUSIVE MFRS. OF HEAT & CORROSION RESISTANT CASTINGS” 


QA I LOYS QUALITY NAMES IN ALLOY. 
a FOR HEAT CORROSION 
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GENERAL ALLOYS COMPANY 


COMMERCIALLY 
AILABLE 


ADVANCED DESIGNS 
DEMAND THE 

UNIQUE PROPERTIES OF 
THIS LIGHT, 

STRONG METAL 


% BRUSH has added a 
new, privately financed 
plant for tonnage pro- 
duction of Beryllium - 
metal, eliminating Scavitium metac BERYLLIUM 
availability problems B QMV BERYLLIUM COPPE 

BER 
MPANY, 4301 PERKINS AVE., CLEVELAND 3, OHIO 
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IS YOUR PLANT 


USING THE MOST MODERN 


OCTOBER 1957 


Sperry Ultrasonic Reflectoscopes are 
found in the modern metallurgical 
laboratories of leaders in the metals 
industry. The Ultrasonic UW Re- 
flectoscope is a new research tool 
that has proved its reliability and 
usefulness in the search for closer 
quality control .. . for new and better 
materials. Ultrasonic waves probe 
deep inside steel... nonferrous met- 
als... ceramics... plastics—revealing 
even the smallest flaws and hidden 
internal defects. The Reflectoscope 
not only locates these flaws—it also 
determines their approximate size! 
In addition, it can even be used to 
determine elastic properties. 

Does your laboratory have the lat- 
est, most efficient ultrasonic research 
equipment? Write today for com- 
plete information on the Sperry 
Ultrasonic Reflectoscope—a reliable 
testing method for most metals! 


To keep posted on latest developments in the profitable 
use of ultrasonic inspection, send for your free copy 
of our Ultrasonic Inspection News Letter. Write to: 


5010 Shelter Rock Road 


Automatic Ultrasonic Inspection of con- 
tinuously produced steel strip and welded 
tube is one of the most recent Reflecto- 
scope inspection techniques brought from 
laboratory to production line. 


Regular Maintenance Inspection of pro- 
duction equipment, like this extrusion 
press, is a valuable extra duty which 
many owners assign to their Reflectoscope 
when the instrument is not required for 
lab and production tests. 


Danbury, Connecticut 


INSPECTION TECHNIQUES? 


<> 


q METAL 


the SPERRY 
exhibit 
Booth No. 1053 
at the 


™ NATIONAL 


EXPOSITION 


NATIONAL METAL CONGRESS 


Internctione! Amphitheatre, Chicago, 
November 4 thru 8 1957 


a 
CHICAGO 

Sj METAL SHOW 


Profit from Sperry 's know-how on 
ultrasonic inspection techniques. 
See a comprehensive range of the 
latest and most efficient inspec- 
tion equipment. 

Discuss your inspection problems 
with Sperry’s highly skilled and 
experienced engineers. 


ALL AT BOOTH NO. 1053 


Wei! be glad You 


Sperry Products, Inc. 
5010 Shelter Rock Road 
Danbury, Connecticut 


Please send me FREE-ADMISSION 
INVITATIONS TO THE 39th NATIONAL 
METAL EXPOSITION. 

Nome 

Title 
Company 
Address 
City 


Zone Stote 
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COMMERCIALLY 
AV AILABLE 


ADVANCED DESIGNS 
DEMAND THE 

UNIQUE PROPERTIES OF 
THIS LIGHT, 

STRONG METAL 


% BRUSH has added a 
new, privately financed 
plant for tonnage pro- 
duction of Beryllium 
metal, eliminating 
availability problems 
and reducing product 
costs. 


SERYLLIUM METAL BERYLLIUM METAL 
QMV BERYLLIUM COPPER 

e BRAND | SERYLLIUM MASTER ALLOYS 
BERYLLIUM OXIDE 
301 PERKINS AVE., CLEVELAND 3, OHIO 
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IS YOUR PLANT 


USING THE MOST MODERN 


Sperry Ultrasonic Refiectoscopes are 
found in the modern metallurgical 
laboratories of leaders in the metals 
industry. The Ultrasonic UW Re- 
flectoscope is a new research tool 
that has proved its reliability and 
usefulness in the search for closer 
quality control . . . for new and better 
materials. Ultrasonic waves probe 
deep inside steel... nonferrous met- 
als. ..ceramics... plastics—revealing 
even the smallest flaws and hidden 
internal defects. The Refiectoscope 
not only locates these flaws—it also 
determines their approximate size! 
In addition, it can even be used to 
determine elastic properties. 

Does your laboratory have the lat- 
est, most efficient ultrasonic research 
equipment? Write today for com- 
plete information on the Sperry 
Ultrasonic Reflectoscope—a reliable 
testing method for most metals! 


To keep posted on latest developments in the profitable 
use of ultrasonic inspection, send for your free copy 
of our Ultrasonic Inspection News Letter. Write to: 


5010 Shelter Rock Road 


Automatic Ultrasonic Inspection of con- 
tinuously produced steel strip and welded 
tube is one of the most recent Reflecto- 
scope inspection techniques brought from 
laboratory to production line. 


Regular Maintenance Inspection of pro- 
duction equipment, like this extrusion 
press, is a valuable extra duty which 
many owners assign to their Reflectoscope 
when the instrument is not required for 
lab and production tests. 


Danbury, Connecticut 


FIRST IN ULTRASONIC INSPECTION 
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INSPECTION TECHNIQUES? 


Visit 


the SPERRY 
exhibit 
Booth No. 1053 
at the 


™ NATIONAL 


Internationo! Amphitheatre, Chicoge, 
November 4 thru 8 1957 


Profit from Sperry’s know-how on 
ultrasonic inspection techniques. 


See a comprehensive range of the 
latest and most efficient inspec- 
tion equipment. 

Discuss your inspection problems 
with Sperry’s highly skilled and 
experienced engineers. 


ALL AT BOOTH NO. 1053 


Sperry Products, Inc. 

5010 Shelter Rock Road 

Danbury, Connecticut 

Please send me. FREE-ADMISSION 
INVITATIONS TO THE 39th NATIONAL 
METAL EXPOSITION. 


Nome 
Title. 


Company 


Address 
City 


Zone State 


NATIONAE METAL CONGRESS 
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The tender touch of evaluation 


Once, the testing and evaluation of indus- 
trial materials and products was anything 
but birdlike. To see if something worked, 
you often had to tear it apart. 


Today, industry employs the tender miracle 
of non-destructive testing: radiography. 


When it comes to testing industrial mate- 
rials, mere and more people are specifying 
Ansco X-ray Films—first films ever tailored 
especially for the needs of industry. 

THE RIGHT FILM 

FOR EVERY X-RAY NEED: 

SUPERAY “A” 

Versatile: A “workhorse”’ film! 
SUPERAY “B” 

Resolving power for research! 

SUPERAY “C” 

High speed for production-line inspection! 
THE RIGHT CHEMICALS FOR 
PERFECT PROCESSING RESULTS: 
Liquadol, Liquadol Replenisher, Liquafix! 


i Xray 

Ansco, A Division of General Aniline 

& Film Corporation, Binghamton, N. Y. 


METAL PROGRESS 


‘ 
44 
4 
T 
ae 
| 
\ 
i 
4 
{ 
| 
_Ansco_. 
356 


We Build, Test 


and Hand it to You 
Ready for Operation 


Buy your 


HEAT TREATING 
EQUIPMENT 
same as you do 
your other 
Production Line 
Requirements 


Let Ferguson SHOP-CONSTRUCT 
your new Furnace and save you time 
and money. 


The whole job will be done in our shop 
and prepared for shipment in complete 
units—piped, wired and tested, ready 
for operation. 

Most units are portable to the extent 
that they require no pit or foundation 


i 


on 


and can be readily moved at any time. 


Shown above is a complete Carboline 
used for carburizing treatment; built 
on a unit frame, portable, piped, wired 
and thoroughly tested and provided 
with fire prevention. Occupying about 
13 the floor space usually required 
and weighing 109,000 pounds. 


Representatives in Principal Cities 


EQUIPMENT CORPORATION 


pa woe in designing and building Portable and Unitized | 
Heat Treatment and Case Treatment lines 
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Whether it’s Sheets, rods, wire 
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or forgings... 


Descale with the 
DuPont Sodium Hydride 
Process and save 


SAVE TIME—Only 15 seconds are required to get cold-reduced annealed 
strip clean and bright— 10 to 20 minutes for fabricated articles, sheets, wire, 
rods, bars and forgings. Even heavily scaled forgings (1%4"’ scale thickness) 
take less than an hour. 


SAVE BASE METAL—There’s no danger of costly rejects due to pitting, 
etching or loss of gauge with the Du Pont Sodium Hydride Process—no 
matter how long work is left in the bath. 


SAVE SPACE — Dissimilar metals not affected by fused caustic at 700°F. 
can be treated in the same bath at the same time. And no scale-breaking 
facilities or special racking procedures are required. 


NO RETREATMENTS— Just one pass through the hydride bath will do the 
job completely. You can maintain uniform speed in production-line descal- 
ing. Quick completion of orders means less inventory needed. 

We'll be glad to discuss all the advantages of the Sodium Hydride Process 
with you. Du Pont pioneered this process and can bring a wealth of tech- 


nical experience to bear on your problems. Write us at the address below 
for complete details. 


ELECTROCHEMICALS DEPARTMENT 
Sodium Products Division 


E. |. DU PONT DE NEMOURS 4 CO. (INC.) 
Wilmington 98 Delaware 


REG. U.S. PAT.OFR 


BETTER THINGS FOR BETTER LIVING 
THROUGH CHEMISTRY 
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FUSE CLIPS HAVE GRIP 
STRENGTH--WITHSTAND HIGH 
CURRENTS WITHOUT ANNEALING 


Because of the high tensile strength of the 
beryllium copper alloy, “BERYLCO” 165, 
clips of this material grasp the fuse cap up 
to 1000% tighter than clips made of other 
copper alloys. 


In comparison, the alloy provides lower con- 
tact resistance and much higher conductivity 
than other possible clip materials, such as 
phosphor bronze. 


Beryllium copper fuse clips greatly reduce con- 
tact point heating. They will not buckle or an- 
neal at high temperatures. Clips of this alloy 
are immune to mechanical fatigue from rough 
and severe usage arising from the continuous 
insertion and extraction of fuses in the fuse clip. 


THE BERYLLIUM CORPORATION 
READING / PENNSYLVANIA 


ann, DI) PHYSICAL PROPERTIES OF “BERYLCO” 165 STRIP 
TECHNICAL BULLETIN NO. 38 Specific Gravity 8.26 
describing the design advantages of Melting 1600-1800 
_“BERYLCO” beryllium copper in fuse | Thermal expansion coofiicient, per °C, 20° to 200° 0.0000170 
Thermal expansion coefficient, per F, 68 to 0.0000094 
_ clips manufactured by Littelfuse, Inc., Thermal conductivity, btu/sq ft/in/hr/"F at 68°F 750-900* 
_ Des Piaines, Ill., is available upon re- cal/sq_cm/cem/sec/°C at 20°C 0.26-0.31* 
quest. Write for your free copy now. Electrical conductivity, IACS % at 20°C 22-30* 


Electrical resistivity, microhm cm at 20°C 7.8-5.7* 
*Heat treated 


EARRING 
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WILL THEY WAIT FOR YOU? 


SO THEY WAIT FOR "JIM" as they have or 
will wait for you ... for any expert, any man who takes 
the time and effort to obtain specialized knowledge on 
the 100-and-1 problems confronting the booming industry 
of metals. 

Whether you are working in the plant or lab. . . 
whether you are a technician or a graduate engineer . . . 
whether you are making $100 a week or $10,000 a year 

. the home study course you need to get ahead... 
the course that will make them “wait for you” . . . chances 
are that course awaits you at the Metals Engineering 
Institute. 

MEI is new, but it is backed by the tremendous re- 
sources and relationships of the one society that concen- 
trates on metals, and metals alone, the American Society 
for Metals. Founded forty years ago, the American Society 
for Metals has 29,429 members in the United States, in 
Canada, and in the free countries around the world. 

The American Society for Metals is known so favorably 
and so well by outstanding metals authorities that they 
have contributed their busy time, their valuable efforts 
and their expert abilities to the preparation of up-to-the- 
minute home study courses. 


..- as they wait for Jim? 


JIM 1S WORKING ON A HEAT TREAT 
PROBLEM... HELL BE 
HERE IN A MINUTE. 


THAN ANY 


— 


MEI Students benefit by this new approach to home 
study courses . . . courses that are not 5, or 10 or 20 
years old . . . courses that have been newly created by 
experts in each field . . . courses that cover the new devel- 
opments . . . the last word in the engineering of metals. 

MEI Courses combine bedrock facts, up-to-the-minute 
material, practical on-the-job applications. No shortage of 
information for the student—and no wasted time and 
effort for him either. Modern in every way, MEI can 
take you ahead in metals. The one school that concen- 
trates on metals, it represents the respected source of 
metals engineering information. 

As an MEI student, you set your own study time. You 
don't buck traffic getting to class. You aren't held up by 
slower students. You forge ahead in your spare time. You 
win recognition as a man on the move (MEI will send 
progress reports to your employer if you wish). As a 
graduate of MEI you will have an enviable specialized 
training, worth money to you . . . you will be awarded the 
respected Certificate of MEI for your home or new office. 

Do it right now .. . start right now. Return the coupon 


on the back page . a year from today you will be 
glad you did. 


See Courses Now in Use . . . Use the Coupon for Free Information 


METALS ENGINEERING INSTITUTE 


A Division of American Society for Metals 


7301iM Euclid Avenue 


Chiveland 3, Ohiv 


WE'LL NEED HIS ADVICE... HE 
KNOWS MORE ABOUT METALS 
OF US. 


— 
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ELEMENTS 
OF METALLURGY 


Many outstanding authorities have contributed to this popular course 
edited by Ralph E. Edelman, Chief, Reactive Metals Section, Pitman-Dunn 
Laboratories, Frankford Arsenal, Philadelphia. 


This is a practical course that deals with the behavior of metals in 
refining, heat treating, fabrication, electroplating and numerous other 
metalworking operations. It is a course that introduces the student who 
may have little prior knowledge of chemistry or physics to a down-to-earth 
study of metallurgy. 


Paul R. Brucker, Metallurgist, Crucible Steel Co. of America, Midland, 
Pa., joins Mr. Edelman in preparation of the first five lessons of ‘‘Elements 
of Metallurgy’’. Lesson No. 1 lays the groundwork for an understanding 
of metallurgy in an examination of the structure of metals, the behavior 
of atoms and molecules. Following this study of the chemical nature of 
metals, Lesson No. 2 concentrates on the physical side and the problems 
of measurement, expansion, mass and energy, heat transfer and the like. 


The chemical changes, or reactions, that take place between elements, 
between compounds, or between elements and compounds are discussed in 
Lesson No. 3, with Lesson No. 4 reviewing what happens in any given 
instance with specific elements in chemical reactions and with the effects 
of heat and temperature. Lesson No. 5 points out that the chemical reactions 
that involve oxides are the foundation for the chemistry of refractories, 
smelting and combustion, and these are discussed. 


Smelting and refractories and metal refining are subjects of Lessons 6 
and 7, and are prepared by Edward D. Hinkel, Jr., Metallurgist, Carpenter 
Stecl Co., Reading, Pa., with Mr. Edelman. Various smelting processes 
are described and necessary equipment is illustrated with cut-away charts 
and pictures. Refining processes that are required to produce a finished 
alloy from the metal produced by the smelting operations are then presented. 


In Lesson No. 8, William McNeill, Electrochemist at Frankford Arsenal 
joins Mr. Edelman in a thorough discussion of electrolytic metallurgical 
processes, while in Lesson No. 9, Harry W. Antes, Metallurgist at Frank- 
ford cooperates with Mr. Edelman in an examination of what takes place 
when refined metals that are poured into ingot molds change from liquid 
to solid. In Lesson No. 10, Leonard Rubin, Research Assistant at Massa- 
chusetts Institute of Technology, writes with Mr. Edelman a more detailed 
discussion of metals structures in this solid state. 


Five additional lessons cover heat treatment, precipitation hardening, 
diffusion and surface treatments, methods of forms and mechanical testing 
to provide an authoritative study, a practical presentation of a vital area in 
the metal industry. Mr. Edelman is well qualified to edit this fine course 
with his experience as Senior Metallurgist, Wright Aeronautical Corporation 
. . « Staff Metallurgist at Los Alamos Scientific Laboratories . . . Instructor, 
Metallurgy Extension, Pennsylvania State University prior to his 
present position with Frankford Arsenal. 


Three years of intensive planning have gene into this new and 
modern approach to home study and in-plant training courses. As a 
student, you receive the beautiful 3-ring binder pictured above, stamped 
in attractive red, gold and black with the insignia of the Metals 
Engineering Institute. 

You receive fifteen lessons in each course, lessons that thoroughly 
cover the study subject in up-to-the-minute detail. Each lesson is dis- 
tinctively printed and clearly illustrated. When you have completed the 
course, these 15 lessons and the comments of your instructor will 
provide a permanent loose-leaf reference. 

Another valuable study tool and reference feature of each course is 
the ASM Metals Handbook, supplied free as a regular part of your 
course. Upon enrollment, you will receive (1) the ASM Metals Handbook; 
(2) the attractive MEI! Binder; (3) the first two study course lessons, and 
instructions for study. Then in your own spare time you complete your 
first lesson, return your quiz questions to the instructor assigned to you 
at ME! Headquarters. Then you can begin Lesson No. 2. Meanwhile, 
your MEI instructor goes over your answers to the Lesson No. 1, care- 
fully grades and makes suggestions for you. These suggestions and 
comments are then returned to you, along with the Lesson No. 3. And 
so on. You always have a lesson in your hands. You have one going 
to M.E.1. and M.E.1. has one coming to you. This rotation is maintained 
to conveniently fit in with your own plans, your own available time. 


One of the basic requirements in the processing of steels is their correct 
and efficient heat treatment. This outstanding, up-to-the-minute steel treating 
course fills the bill exactly with 15 authoritative lessons prepared by George 
F. Melloy, Research Engineer, Bethlehem Steel Co., Bethlehem, Penn- 
sylvania. 

Scores of pictures, charts and tabular matter are presented by Mr. Melloy 
in this practical coverage of all important aspects of the Heat Treatment 
of Steel. You will find this an interesti:.g, helpful study, and a handy, 
day-by-day reference in the future. 

Steel is a versatile material, Mr. Melloy points out in Lesson No. 1. 
He discusses what steel is, what properties make it useful and important, 
how these properties are measured and evaluated. He covers elasticity, 
plasticity, tensil testing and other important aspects. Lesson No. 2 dis- 
cusses the structure and mechanical properties . constitution of steel 

effect of alloying elements and of heat treatment on mechanical 
properties. 

Lesson No. 3 discusses relationship between structure of steel and _ its 
mechanical properties and the two basic methods of controlling structure 
and hence mechanical properties. Lesson No. 4 describes annealing of steel— 
process of heating and cooling to reduce hardness . . . discusses procedures 
of altering and controlling structure of steel. 

Hardening of steel is the subject of Lesson No. 5, and Mr. Melloy points 
out that only in modern times have these principles been understood. 
Maximum benefits from hardening were not realized until fairly recently. 
He shows how you can take full advantage of steel with proper hardening 
processes. Lesson No. 6 continues a discussion of hardness and the factors 
involved . . . tests . . . and application of hardenability data. 

Factors affecting hardness and hardenability are presented in Lesson No. 7, 
and include effects of carbon . . . alloying . . . quenching and miscellaneous 
factors. Lesson No. 8 brings you up-to-date on tempering . . . its three 
Stages . . . effect of temperature and time, of chemical composition and 
Structure . . . of cooling practices. 

Surface hardening of steel is discussed in Lesson No. 9 and includes 
flame, induction and liquid salt hardening. Heat treatment of cast iron 
and cast steel described in Lesson No. 10, with Lesson No. 11 discussing 
protection during heat treatment against decarburization and scaling. Heat 
treating furnaces, fuels and temperature control are reviewed in Lesson 
No, 12. 

Lesson No. 13 outlines the failures and defects to look out for in heat 
treatment, and Lesson No. 14 describes grain size—its control and effect. 
Final Lesson No. 15 deals with the important area of tools steels—water 
hardening, shock resisting, nondeforming, hot work and high speed steels. 

Mr. Melloy’s work on this outstanding course is backed by long years of 
experience at Bethlehem Steel Company. He is a graduate of Lehigh 
University with a degree in Metallurgical Engineering, has been an instructor 
at the Bethlehem Center of the Mineral Industries Extension Services, 
Pennsylvania State University. 
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“. .. Makes my work more interesting . . .” says Student 
Glen C. Boyce, Chemist and Foreman of the lowe Malleable tron 
Co., Fairfield, lowe, selected “Elements of Metallurgy” as his M.E.1. 
study. He writes “! am enjoying this course very much. The fact thet the 
study material parallels my work makes both my work and studies a 
great deal more interesting.” 


HIGH TEMPERATURE 
METALS 


Engineered 


One of the most timely home study courses available anywhere . . . 
this course on High Temperature Metals by Dr. C. L. Clark, Metallurgical 
Engineer, Timken Roller Bearing Co., Canton, Ohio, authoritatively covers 
a broad, vitally essential area. 

Fifteen lessons are packed with updated information, filled with 287 
helpful illustrations. Keyed to references in the ASM Metals Handbook 
(a part of the study course), Dr. Clark provides a step-by-step climb to 
expert knowledge. 

Jet engines, modern automobiles . . . the electricity you use . . . the 
high quality gasoline . . . all these are made possible by high temperature 
metals, and the surface of tomorrow's use is yet to be scratched. Here is 
a field where the expert you can become knows no limits. 

Lesson No. 1 traces the growth of high temperature metallurgy, dis- 
cusses today’s most pressing problems in this interesting field. Relates the 
importance of high temperature metals in three major metal using indus- 
tries. Lesson No. 2 demonstrates, simply and practically, the many tests 
that can be made .. . their importance. Lesson No. 3 shows the relation- 
ship between room temperature properties to high temperature alloys . . . 
carbide formation . . . temper brittleness . . . stability. Lesson No. 4 goes 
. hot hardness . . thermal shock resistance. Lesson 
No. 5 discusses allowable working stresses . . factor for safety . 

. ASME stresses . . . Lab Data. Lesson 
No. 6 deals with melting charge constituents . . 


into corrosion . 


design for long service life . 
. chromium, molybdenum, 
nickel, titanium, tungsten, vanadium, cobalt, silicon, and many others. 
Lesson No. 7 presents the factors that influence high temperature strength 

. No. 8, the low and intermediate alloy steels . . . No. 9, the straight 
chromium stainless steels . . . No. 10, the austenitic iron-nickel-chromium 
steels . . . No. 11, high temperature superalloys . . . No. 12, the low 
alloy steel for highly stressed high temperature applications . . . No. 13, 
representative service failures . . . No. 14, metal properties at processing 
and fabricating temperatures . . . No. 15, selection of alloys for specific 
application. These helpful, practical lessons the suggestions and 
comments of your M.E.I. Instructor will bring you up-to-date on high 
temperature metals technology. 

The quality and authority of this course is the natural result of its 
learned preparation by Dr. Clark, who is a graduate of the University 
of Michigan with BSE, MSE and PhD degrees. After lecturing in Metallur- 
gical Engineering at the University, he joined the Steel and Tube Division 
of the Timken Roller Bearing Company, where he is now Metallurgical 
Engineer, Special Steel Developments. He has developed a number of 
alloys, holds several patents, has published 100 papers. He is active in 
many societies and on many technical committees, has received a citation 
from his University as a distinguished alumnus. 


a 
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Executives, engineers, supervisors and production men are taking this 
in-plant training course on the “Elements of Metallurgy” at Cleveland 
Pneumatic Tool Co., Cleveland. Dr. Anton deSales Brasunas, Director of 
Metals Engineering Institute is teaching this class of 22 students. Train- 


ing Directors and employers have shown great interest in these metols 
training courses for management, engineering, production and sales 
executives. 


TITANIUM 


Millions of dollars have been poured into research and development of 
Titanium in the United States, England, Japan and other countries since 
it was first industrialized in 1948. Here is an important new metal of 
industry . . . one of the most interesting . . . one where firsthand infor- 
mation can be vital to the individual who wants to grow with this great 
industry. 

Authorities throughout the world have been generous in their aid in 
creating this titanium course . . . it has been prepared by experts through- 
out the United States, with editorial direction by Dr. Walter L. Finlay, 
Vice President and Manager of Research, Rem-Cru Titanium, Inc., Mid- 
land, Pa. 

This course summarizes the metallurgy anc technology of titanium .. . 
provides a detailed picture of where titanium is today, the direction in 
which it is headed. Each of the 15 lessoms covers an important aspect 
of titanium technology. 


In Lesson No. 1, Dr. Finlay describes characteristics of titanium, its 


properties . . . strength-to-weight, tensile strength, crippling strength, 
corrosion resistance, thermal conductivity wd expansion . . . and many 
applications. 


R. L. Powell, Supervisor, Process Research Division, Titanium Metals 
Corporation of America, Henderson, Nevada, prepared Lesson No. 2 on the 
extractive metallurgy of titanium. He discusses production from titanium 
dioxide, from titanium tetrachloride . . . describes purification, chemical 
reduction, electrolytic reduction. 


Lesson No. 3, by Dr. Finlay, surveys titanium-base alloys . . . gives the 
ABC's of titanium alloys their structure, heat treatment, etc. In 
Lesson No. 4, Dr. Robert I. Jaffee, Chief, Nonferrous Physical Metallurgy 
Division, Battelle Memorial Institute, discusses physical metallurgy . ° 
describes important alloying elements and major contaminants. Dr. Jaffee 
continues in Lesson No. 5 with a discussion of beta transformation, heat 
treatment and thermal stability. 


Physical and mechanical properties of titanium are presented in Lesson 
No. 6 by D. R. Luster, Chief Supervisor, Research Department, Rem-Cru 
Titanium, Inc, This lesson reviews what is now known of these important 
properties and indicates the probable properties that can be expected 
trom yet-to-be developed alloys 


Mr. Luster discusses the metallurgy of titanium in Lesson No. 7, and in 
Lesson No. 8, Dr. Finlay describes melting, casting and the powder metal- 
lurgy of titanium. Mill processing is covered in Lesson No. 9 by two 
experts . . . Dr. Lee S. Busch, Director of Research and Richard J. 
McClintick, both of Mallory-Sharon Titanium Corporation, Niles, Ohio. 


Machining and grinding of titanium is detailed in Lesson No. 10 by 
ohn P. Catlin, of Rem-Cru Titanium, Inc., and in Lesson No. 11, George 
. Kiefer, of Allegheny Ludlum Steel Corporation, Brackenridge, Pa., 
discusses corrosion resistance, surface conditioning and chemical analysis. 


Final four lessons give outstanding coverage of joining operations, by 
Glen E. Faulkner, Research Engineer, Battelle Memorial Institute ° 
airframe designs, manufacture and uses, by Gordon A. Fairbairn, Supervisor, 
Materials and Processes, North American Aviation, Inc., Los Angeles .. . 
titanium jet engine design, by M. E. Cieslicki, Supervisor, Materials 
Control, General Electric Company, Cincinnati developments 
and trends, by W. Stuart Lyman and E. W. Cawthorne of Titanium Metals 
Laboratory. 


Here is a study course written by outstanding experts, edited by a 
recognized authority, Dr. Finlay, a graduate of Lehigh University, with a 
Master's Degree and a Doctor's Degree in Metallurgical Engineering from 
Yale University, Prior to his association with Rem-Cru, Dr. Finlay was 
| mang of Chemical and Metallurgical Research for Remington Arms 

ompany. 


f 
NOH AVAILAB 


Today, the story of the Metals Engineering Institute is 
dramatized in the long columns of classified advertising. 
Trained men—wanted! Engineers—wanted! Industry 
needs skilled help, needs it badly—and nowhere is this 
need more severe than in the great industries that produce 
and use metals. 

In a world of metals, there is an insistent demand for 
men who know metals. The American Society for Metals 
recognized this need three years ago. It studied these re- 
quirements of the industry it had served for forty years. 
It thoroughly investigated how these training require- 
ments were being served. 

As a result of this intensive investigation . . . of con- 
sultation with industry . . . the Society created the Metals 
Engineering Institute and projected a series of study 
courses to meet modern training requirements of industry. 
In the years since formation of MEI, the outstanding 
experts and authorities who have long known and re- 
spected the American Society for Metals have been en- 
gaged in the preparation of nearly two-score metals 
courses. Some of the most important of these courses are 
ready now—more will be ready soon. 

Today, then, men who want to get ahead in the giant 
metal industry ... men who want to know about metals 

men like you . . . can study, in your own spare time, 
the authoritative, the new shaped-by-industry courses—at 
home or on-the-job. 

You can solve—and solve correctly the problems that 
involve metals . . . you can forge to the front, assure your 
success with the outstanding study courses that are ready 
for you—now. You can have confidence in ASM and in 
the assurance I give you that MEI will assist you in every 


Anton deSales Brasunas, Director 
METALS ENGINEERING INSTITUTE 


. Anton de’ 


who, by education and experience, 
would most ideally qualify for 
this important post. Dr. Brasunas 

ME! from the University 
of Tennessee where he was asso- 
ciate professor of metallurgical 


= State University, his 
Sc.D degree from Massac' husetts 
Technology. 


has satisfactorily completed the Home Study Course entitled 


High Temperature Metals 


under direction of Metals Engineering Institute, divimon of Amencan 
Socety for Metals. and in testimony thereof has been awarded the 


Cortifieate 


this Qna day of 1987 


under the seal of 
rot at Cleveland, Ohio 


lasued by 


48 € 


Metais 


Certificate of the Metals Engineering Institute individually engrossed for 
each graduate and beautifully encased for home or office. 


MEMO Training Directors and Employers 


MEI Study Courses are ideally adapted for in-plant, on-the-job or after-hours 
training. Cleveland Pneumatic Tool Co. and Wallingford Steel Co., for example, are 
making excellent use of the ‘“‘Elements of Metallurgy’’ and the “High Temperature 


Metals’’ courses, respectively. Other courses ready now cover Heat Treatment and 
Titanium. 


Instructors can be provided if desired or study courses can be presented by your 
own metals expert, with full assistance and cooperation from MEI Headquarters Staff. 


These Courses help your Sales Executives gain greater appreciation of customers 
metals problems . . . helps Production Men improve and advance in their work . . 
Engineers can specialize or take refresher courses that will update their knowledge 


- Management in the midst of metals problems may benefit from sitting-in on 
these courses. 


MEI offers Training Directors and Employers a complete package, easily presented 
and having all the appeal and attractive prestige, all the nationally-recognized authority 


of the American Society for Metals. Graduates receive the beautiful Certificate of 
the Metals Engineering Institute. 


Training Directors and Employers 
can encourage employee education 
and training with this p* - Bulle- 
tin Boa Poster—now available 
for office, plant or laboratory dis- 

y. Poster Pockets contain course 
mformation folders and postage- 
paid inquiry cards. 

Help your employees help them- 
selves to knowledge. Mail the cou- 
pon below for this colorful poster 
for display. 


WILL THEY WAIT FoR You? 


they wart Jim 


A T TER Oe POATE OF 
CHECK AND MAIL TODAY ...NO OBLIGATION , a 
; THESE COURSES THESE COURSES i 
This Coupon May Mean Suc- ARE AVAILABLE NOW WILL BE AVAILABLE 
eat Treatment o' 
1 1 High Temperature Metals Magnesium 
Metals Engineering =| Training Directors and Employers 
Institute WILL BE AVAILABLE Q Are Welding Lome & Free Posters for Bulletin Boord Display 
THESE COURSES Contain Uterature and taquiry Cards 
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ha hecked those We can display these Bulletin Board Posters. Send me 
the columns oO Plant the number indicated at the right. No charge, of course. 
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me when you have completed oc Corrosion of t metals I Indicate the Number of Posters Needed for: 
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Fundamentals of 
Electric Are Furnace 
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Malleabt 
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Thas certifies that 

Austin Knight 

3 

appointed Director of the Metals 
Engineering institute after a long 

search for just the right man 

engineering. Prior to that time, COURSES 

Battelle Memorial institute. 

He is a graduate of Antioch Col- 


and the metal men who 
make it possible — from the 
United States and ‘round 
the world — will be in 
Chicago the week of No- 
vember 4 to attend the 
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Overseas visitors from 38 foreign countries will join 50,000 American metal men in the greatest 
presentation of ideas and product developments the world has seen . . . at Chicago, the week of 
November 4. 


Scores of scientific and practical sessions on metals — their production, processing, fabrication 
and application — will be the world forum for noted authorities. Overseas experts, fresh from 
a series of eight metalworking tours of the United States, will meet with American authorities 
in Chicago for the exchange of engineering information. 

They will see a vast array of metalworking exhibits in the International Amphitheatre and 
Exposition Hall. More than 500 metalworking firms will display their newest product develop- 
ment, most of them in actual operation. It will be a Metal Show to remember . . . a Metal Show 
the like of which has never been seen. 

This is the world event that has been in the making for four years. This is the world event you 
and your associates in management, engineering production and sales will want to attend. Mark 
the date — November 4 to 8. The place — Chicago’s International Amphitheatre and Exposi- 
tion Hall. Plan to be there. For hotel reservations write: Metal Show Housing Bureau, c/o 
Chicago Convention Bureau, Inc., 134 N. LaSalle Street, Suite 900, Chicago 2, Illinois. 


Cooperating Societies: Metals Division, American Institute of Mining, Metallur- 
gical and Petroleum Engineers .. . the Society for Non Destructive Testing... 
the Industrial Heating Equipment Association. 


AMERICAN SOCIETY FOR METALS 
The Engineering Society for the Metal Industry 
7301 Euclid Avenue Cleveland 3, Ohio 
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Steel Division 
Jones & Laughlin stel Corporation 


No. 11275 


You are invited to make J&L's 
booth your headquarters..... 


Hang up your hat and coat, rest in our easy chairs, use the telephone and meet 
your friends at the J & L booth during the metal show. And be sure to visit 
with the J & L Strip Steel Division sales personnel—have them show you the 
advantages of J & L cold rolled strip steel products—ask them questions regard- 
ing your individual production problems and arrange for test run proof that 
will lead you to improved products and lower costs. 


A special welcome awaits you. 


Jones & Laughlin 
STEEL CORPORATION 

STRIP STEEL DIVISION 

GENERAL OFFICES: YOUNGSTOWN 1. OHIO 

PLANTS : YOUNGSTOWN + INDIANAPOLIS + LOS ANGELES * KENILWORTH, NEW JERSEY 


SALES OFFICES: NEW YORK + ROCHESTER + NEWINGTON. CONN + YOUNGSTOWN + CLEVELAND 
DETROIT «+ INDIANAPOUS + CHICAGO «+ LOS ANGELES + SAN FRANCISCO 


FORMERLY THE COLD METAL PRODUCTS COMPANY 


METAL PROGRESS 


SEE THE STRIP STEEL DIVISION 
pot METAL SHOW 
4 
— 
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MASTER RADIALS BOOTH 155 
ping and reaming. } 

From $2359. ~ 


SPEEDMASTER SUPERMILL Horiz. 
RADIALS = Boring, Milling, Drilling LANSING LATHES 


Preselector and other Versatile close-tolerance machines ~ 


come as stenderd with complete optics with hardened and ground beds. Ail 
equipment. All sizes. Built-in rotary table and facing head. sizes—gap type beds available. From 
From $4355. ’ Available from 2” to 5". From $7060 $2230. 


SUPERMILL ELGIN GRINDERS 
SUPERMILL, plain, universal 


and Surface Grinders. All 


and vertical ty TURRET MILLS sizes. From $5800, 
MILLING 
st rugged 
MACHINES mill of its 
| type. 1% HP. 
Extra-long table 
travel. 
From $2175. 


Dial type up to 
#6. All accessories. 
From $3650. 


SCHERRINGHAUSEN SHEARS 


Gap type power shears from 6’ x 14 
a. up to 12’ x 1”. Typical cost (8’ x FLOOR-TYPE 


4 ga.) $4360. HORIZONTAL 
BORING MILLS 
4” to 12° 
Available with 


auxiliary spindles 
and swivelling hds. 


S&S MACHINE COMPANY | 
135-53rd STREET 6945 BANDINI BOULEVARD 
_-” BROOKLYN 32, NEW YORK | LOS ANGELES 22, CALIF. 

2-7400 Cable: SAN 3-9231 


OCTOBER 1957 


ss 
MACHINE TOOLS Mod 
| THE CHICAGO MET SHOW | 
at the 39th IN ACTI 
AMPH 
4 THEATRE 
— 
| 
| ALSO AVAILABLE % 
STOCK | 
TURRET, LATHES a | 
ram and saddle types: 
vertical Boring Mills | 
to 120" 
SHAPERS — 42" 36" 
advanced desig": (18") $1800. 
FABRICATION EQuIPMENT— | 
Bandsaws, rolls, prakes, 


Westinghouse induction scanner controls sequence 
operation and case depth for shafts ranging from 
10.06 inches to 24 inches in length and .75 inches 
to 1.25 inches in diameter. 


BURGESS- NORTON? 


At Burgess-Norton Mfg. Co., Geneva, IIli- 
nois, Westinghouse Induction Heating is pro- 
ducing five important advantages in hardening 
automotive engine rocker arm shafts. 
1. No cracking. 
2. No distortion. 
3. Shafts harden evenly to uniform case 
depth. 
4. Overall savings in manpower. 
5. Partial stress relief because of stored heat 
within the shaft. 

The entire operation is automatic. Shafts are 
conveyed to the induction unit, jigged, spun at 
400 rpm while heating to 1550°F., then 
quenched in a water spray ... all in just 3.25 


500, arm shafts hardened—and no tejects 
... with Westinghouse Induction Heating! 


seconds for each of six sections on a shaft. 

This is exciting, important news for many 
plants concerned with hardening, heat treating, 
joining, forging or other metalworking opera- 
tions. Westinghouse Induction Heating, within 
seconds, puts heat exactly where you want it 
day after day, week after week, without vari- 
ation. This precision and uniformity is vital 
with today’s high speeds and close tolerances. 

Westinghouse Induction Heating units are 
clean, cool, streamlined and space saving. 
Westinghouse engineering creates for your in- 
dividual requirements integrated production 
line equipment that speeds output, cuts costs, 
brightens your profit picture. 


you CAN BE SURE...iF is Westinghouse 


BUT MAYBE INDUCTION HEATING 
IS NOT FOR YOU...LET'S FIND OUT 


Telephone collect EDmonson 6-2300, or return this 
coupon to SALES MANAGER, Industrial Electronics 
Dept., Westinghouse Electric Corporation, P. O. Box 
416, Baltimore 3, Maryland. 


I believe that we qualify for Westinghouse Induction Heating. 


__Please have your engi r call, Please send 
literature. We from. 
(metal or alloy). Each piece is approx. (size) 


and weighs app We work in temperature 
range of and handle approx._.__ 
per hour. We are interested in: Porging__ Mardening 
Joining Other. 

Please describe briefly___ 


This Westinghouse induction scanner handles 3120 rocker arm 
shafts per day and requires only 50% of one man’s time. 


Please check below the Westinghouse Induction Wetaten ad- 

vantages you believe are superior to your present process. 
—____Selective heat Safety 
heat _Consistent results 


scale ___._Production-line heating 
Name_ Title__ 
Company 
Street & No. 

City & State. 
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YOU CAN METALS AUTHORITY! 


ON TESTING « INSPECTION « RESEARCH 


FOUR NEW AUTHORITIVE BOOKS 
ONE ALREADY A BEST SELLER 


Testing, inspection, research—the accepted basis 
of progress in the metal industry—often proves 
today’s fact to be tomorrow’s fiction. The Engineer, 
the Designer, the Metallurgist, the Chemist, or 
Physicist who knows fact from fiction is on his way 
to a more influential and higher-paid position! Re- 
gardless of your job function, whether you are in 
production, fabrication, design, testing, or man- 
agement, your knowledge of what is new in 
metals research can help you create a more prom- 
ising career. 


Authoritative technical books, published by the 
American Society for Metals and distributed by 
the Technical and Engineering Book Information 
Service, will keep you and your reference sources 


up-to-date—will make you a recognized authority 
on metals. 


EACH BOOK A "MUST" FOR 
@ REFERENCE 
@ LIBRARIES 
@ HOME STUDY 


Revealing, in easy-to-read form, well indexed for reference, 

the latest information and findings of top authorities in the 

metal industry. Beautifully bound in attractive red cloth—all 

fully illustrated with graphs, charts, photomicrographs, and 

tables, these books bring to you the expert knowledge of 

representatives of the following outstanding organizations: 
Massachusetts Institute of Technology General Motors Corporation 
Oak Ridge National Laboratories Battelle Memorial Institute 
General Electric Research Laboratory Rensselaer Polytechnic Institute 
Yale University U. $. Bureau of Mines 
University of London Carnegie Institute of Technology 
Bell Telephone Laboratories Armour Research Foundation 

Here is the “last word” on metals research that can make you 

“as current as the weather”. Here is the type of book to 

enable you to speak with authority and conviction when the 

situation demands. You can give direct answers, you can 

eliminate wasted time, effort, and money. Be an authority on 

your job; make your knowledge of metals current! 


PUBLISHED BY THE AMERICAN SOCIETY FOR METALS 
TECHNICAL AND ENGINEERING BOOK INFORMATION SERVICE 
7301 EUCLID AVENUE CLEVELAND 3, OHIO 
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REEP AND 
RECOVERY 


BEST SELLER 


“The utmost in metalworking precision 
is found in the ‘heart’ of a jet engine. 
Disks, mounted on the compressor, must 
withstand tremendous stresses created by 
fantastically high temperatures. An error 
in the amount of heat expansion fo ex- 
pect con turn a jet engine into a dis- 
figured mass of molten metal.” 

Creep and Recovery deals authorita- 
tively with this interesting and fascinat- 
ing aspect of metals—changes in dimen- 
sion under stress and removal of oy 


UCTILE 
a CHROMIUM 


If you produce, extract, test, fabricate, 
design, or use metals in any way, this 
report of 49 experts on chromium can 
give you the most up-to-date and accu- 
tate information available today. En- 
tirely new fields of usefulness for chro- 
mium and its alloys are forecast in this 
well-illustrated volume of 
at the important conference 
Chromium co-sponsored b: 
of Ordnance Research, U. Army, 
the American Society for Metals. 


More than twenty years of intensive 
research in the United States, Eur 
and Australia ogee been devoted to 


stress. Metallurgist, Engineers, D 
solid state Physicists, and Chemists will 
find this assembly of the most recent 
experiments and thoughts on recovery 
and creep to be invaluable. These mas- 
terful papers, extremely well-supple- 
mented with graphs, tables, charts, and 
photomicrographs, speak with authority 
and conviction in fourteen different areas 
of the subject matter. All the knowledge 
and experience of twenty-two authorities 
is brought to you in this easily-read 
hard-bound edition—a bound volume of 


pers presented at the meeting on 
and Recovery’ in Cleveland 
Ohio, 1956. 

“The Concept of Creep", ‘The T 
of Cree “Recovery of Mechanical 
Properties", and “Creep and Rupture” 


are only a few of the papers expertly 
offered in this beautifully bound 6// 
%%,, 372 page book. Never will you find 
more current material on recovery and 
creep. Never will you profit more by 
the experience of such outstanding au- 
thors. Act now! Fill in the coupon below. 
You'll be glad you did! 


chromium- base alloys 
for high temperature service. Learn of 
the significant work on the extraction 
fabrication and properties of a metal 
that is a most promising base for new 
alloys of superior oxidation resistance 
and strength at elevated temperatures. 


The book's 27 chapters are presented 
in five sections. Section | provides a 
general review of research on chromi- 
um. Section 2 deals with the — 
of chromium metal. Section 3 discusses 
ductile chromium metals, with Section 4 
devoted to the effect of s on chro- 
mium metal, and Section reports on 
high-chromium alloys. 


Here is an opportunity for you to ex- 
plore the many new applications for 
chromium. Be an authority on ductile 
chromium — over one million tons of 
chromite ore are consumed annually in 
the United States! Take advantage of 
this chance to learn what 49 authorities 
know about this increasingly important 
metal. Send for Ductile Chromium with 
the coupon below. 


READ THESE REVIEWS 


FFECT OF 
RESIDUAL 
ELEMENTS 


Learn the importance of impurities in 
metals! Strangely enough, as this new 
authoritative book explains, if absolute- 
ly pure metals could and were to be 
substituted for the technical grades cur- 
rently in use, the metal fabrication in- 
dustries would be faced with many new 
and difficult problems! Learn how “Trace 
Elements" strongly influence mechanical 
properties and crystal growth of metals. 
Learn how these impurities influence the 
strength and ductility of metals! 


in this review of fundamental consid- 
erations of residual elements, the au- 
thors expertly write of the effects these 
elements have on al 
copper, nickel, steel, eaten zirconi- 
um, molybdenum, and chromium. Learn 
how these metals are affected by resid- 
ual elements. Learn how residual ele- 
ments produce favorable qualities and, 
just as frequently, adverse qualities! At- 
tractively bound in red cloth and con- 
sisting of 217 pages, this book brings 
to you the up-to-date reports of five 
authorities. Easy to read and well-sup- 
plemented with charts, graphs, tables, 
and photographs, it will become a ready 
reference for designers, engineers, met- 
allurgists and others whose job it is 
to know metals. 


Make the knowledge of these experts 
your knowledge. Give yourself the ad- 
vantage of being well-read on metals. 
Be capable of answering questions that 
before were only asked of others. Send 
foday for Effect of Residual Elements on 
the Properties of Metals. 


ATIGUE DUR- 
* ABILITY OF 
CARBURIZED STEEL 


What factors determine fatigue dura- 
bility in carburized steel? Why do some 
carburized steels withstand more stress 
than others? You can find out in this 
just-off-the-press book Fotigue Durability 
of Corburized Steel 


Five authorities establish as their goal 
@ better understanding of the inter- 
relation of factors that determine fa- 
tigque durability. They state their gos! 
clearly, describe the research and test- 
ing accomplished, and finish with « 
declaration of definite conclusions. This 
is the story of a question and an elusive, 
but finally captured, answer. 


The book is divided into five sections 
to enable thorough covera of the 
subject matter. Beginning with a review 
of prior efforts dating as far back as 
1860, the authors smoothly and capably 
document each phase of the search for 
a better understanding of factors influ- 
encing fatigue durability. 


For men who specify, design, produce, 
or use components of carburized steel 
Fatigue Durability of Carburized St 
gives valuable information and numer- 
ous enlightenments that will aid in de- 
termining the most effective applica- 
tions. As a reference, you will reach for 
it again and again. Help yourself to « 
more comprehensive understandin 
Fotigue Durability of Corburized Veco! 
Read this up-to-the-minute account of 
fatique durability that will give y 
sound reasons for selecting or using 

rticular potas of carburized steel. 
ncrease your here of influence and 

eneral knowledge of metals by send- 
ing in the coupon below. 


— $6.00 ___ $7.50 —____ $4.00 $4.00 


BE AN 


AUTHORITY 


How many technical books do you read? How many 
technical books have you read in the past year? How 
many books have you added to your reference li- 


brary? 


Wherever you work, whatever you do, your suc- 
cess is measured by your knowledge of your job. If 
your knowledge is current, and consistently up- 
graded and expanded, you are eligible for promo- 


tion. 


The Technical and Engineering Book Information 
Service of ASM can help you to increase your sphere 
of influence through the reading of technical books. 
Take advantage of the wealth of authoritative infor- 
mation made available to you. Start today to gain a 
more comprehensive understanding of metals. Start 


today to be an authority! 


DON'T FORGET TO ORDER 
THE NEW FALL CATALOG 
OF TECHNICAL BOOKS. 


MAIL THIS COUPON TODAY! 


® FOR THE BOOKS OF YOUR CHOICE 
© FOR THE NEW FALL CATALOG 
® FOR MORE INFORMATION 


ASM Technical and Engineering Book Information 


Service 


7301 Euclid Avenue, Dept. E, Cleveland 3, Ohio 


Please Mail copy(s) of: 
Ductile Chromium—$7.50 0 


Creep and Recovery—$6.00 


Bill my firm Billi me 
Or enclosed find $ 
Cash Check Money Order 


Effect of Residual 
on 


Elements 
Properties of Metal—$4.00 


Also send me the free new Fall Catalog of ASM Books. [) 
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..- for the special 
requirements of 
your industry 


METALS PROCESSING DIVISION FOUNDRY 


handles wide range of sizes, 
closely controls dimensions 


Precision testing methods 
provide close control of 
casting quality 


Curtiss-Wright’s Metals Process- 
ing Division today offers your in- 
dustry precision castings of criti- 
cal parts in a wide variety of sizes, 
and with closely controlled dimen- 
sions. For example, in the large 
casting shown, tolerance is + .030 
over 36” diameter. From its mod- 
ern, completely equipped foundry 
in Buffalo, the Division supplies 
heat, corrosion and abrasion re- 
sistant castings from a full range 
of special-property alloys, includ- 
ing ductile iron... by sand, centrif- 


ugal, ceramic or shell processes. 

Precision alloying techniques, 
modern melting controls with 
spectrometer testing, X-ray con- 
trol by experienced radiographers 
— all add up to castings with su- 
perior physical and mechanical 
properties . . . mean better and 
more dependable products for the 
critical needs of industry. Quali- 
fied design engineering assistance 
is a part of the comprehensive 
Metals Processing Division serv- 
ice. Write for details. 


78 Grider Street 


METALS 


PROCESSING 


DIVISION 


CURTISS-WRIGHT « 


CORPORATION + BUFFALO, N.Y 


Metals Processing Division Branch Offices: New York * Houston * Los Angeles 
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FINE TOOL STEEL 


KLOSTER STEEL CORPORATION 


REPORT FROM THE ASSISTANT CHIEF ENGINEER, 
THE TIMKEN ROLLER BEARING COMPANY, COLUMBUS... 


“We process 4,000 
ibs. of rollers in one 
load with ALMCO 
barrel finishing 

equipment” 


MR. FRED ALBRIGHT, Assistant Chief Engineer, 
The Timken Roller Bearing Company, Columb 


displays rollers processed in two-ton batches by 
rugged Almco equipment. 


AT COLUMBUS, OHIO, the Timken Company runs three 
shifts on rollers in a range of sizes. After heat treating 
and oil removal, rollers go to the Almco barrel section 
for cleaning-up of insert identification, radius polishing, 
and coloring. 

Prior to this the Timken Company used other equip- 
ment, but it turned out to be a bottleneck that took up 
too much space. Maintenance costs were high, and its 
messy operation did not conform to the Company’s high 
standards of plant housekeeping. 


ALMCO SYSTEM REQUIRED 50% LESS FLOOR AREA — In 
cooperation with Timken Company engineers, Almco de- 
signed specially engineered heavy duty equipment for 
their system that raised output to production require- 
ments. . . replaced the older equipment with a clean, con- 
trolled operation . .. and reduced floor area requirements 
by more than 50%. 


BARRELS RE-LINED ONLY ONCE IN 2 YEARS! — These 
heavy-duty Timken tapered roller bearing equipped 
Almco machines and drive systems handle maximum 
loads at the Timken Company. Each two-compartment 
machine holds 16 pan-loads of rollers at an approximate 
weight of 250 Ibs. per pan. This adds up to TWO TONS 
of rollers processed during each cycle! 


Cooperation between Timken Company and Almco engi s has resulted 
in efficient Almco installations in other Timken Company plants. The Timken 
Company at this time has a total of twelve DB-400 units and a DB-50. 
Minimum space is required for high-volume production ... plant floor stays 
clean and safe. 


It calls for equipment that will stand up under a pun- 
ishing, round-the-clock production schedule. In this 
highly abrasive operation, Almco barrels at the Timken 
Company have been re-lined only once in two years! 


LEARN HOW MODERN BARREL FINISHING CAN IMPROVE 
YOUR PRODUCT — The facilities of Almco’s new, techni- 
cian-staffed lab in Albert Lea, Minnesota are available 
to you without obligation. We will study your product 
parts, run exhaustive tests, and give you a factual report 
on the equipment and procedures best for your operation. 

If you are interested in improving product quality and 
appearance, saving manpower and reducing your de- 
burring and finishing costs, send your sample parts and 
specifications to the Almco lab. Or write on your com- 
pany letterhead requesting an Almco engineer to visit 
your plant. 


SEND FOR YOUR 
FREE HANDBOOK OF 
BARREL FINISHING 


52 pages of case history facts 
and barrel finishing processes. 
Illustrated equipment section. In- 
cludes detailed cost chart on fin- 
ishing of typical parts. Send for 
your free copy today. 


DIVISION OF QUEEN STOVE WORKS, INC. 
910 Marshall Street * Albert Lea, Minnesota 


Sales Engineering Offices in Chicago, Detroit, Los Angeles, 
Newark, New Haven, Philadelphia and London, England. 
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CHALLENGE 
Heat Treaters 


who think 


“ALL OIL QUENCHES 
ARE ABOUT THE SAME” 


This may surprise you! 


All oil quenches are not ‘‘about the same.’’ The wrong quench medium or a 
poorly planned quench can ruin the most carefully machined and heated part. 


For maximum safety and uniformity of hardness, none but the best quench is 
good enough. 


We make this bold statement... 


The Houghto-Quench series include the finest quenching oils on the 
market today. No other oils can match them in overall superiority. Manufacturers 
themselves prove it in test after test . . . our research confirms it time after time. 
In fast quenching, complete wetting out, deep and uniform hardening, and long 
life, no other quenching oil can touch it. 


And back it up 100%. 


We say that Houghto-Quench is a better all-around product. . that it will per- 
form better for you without any of the disadvantages of an oil not made solely 
for quenching. And we're not only willing, but eager, to prove it. 


With this offer. 


Call your Houghton Man. Show him your operation. Explain what you are 
looking for in physical properties. Let him help you engineer your quench- 
ing procedure, just as many others have been aided over the years. Write 
E. F. Houghton & Co., 303 W. Lehigh Ave., Philadelphia 33, Pa. 


HOUGHTO-QUENCH 
product of 
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PATTERSON WIRE STRAIGHTENING 
AND CUTTING MACHINES 


Hundreds of installations 


at; , over the past few years 
Applications have proved the economy of 


(REGULAR AND 
which combines all scales 
Rockwell Test (15 to 


4 150 kg. loads). 
The Kentrall cuts costs 
OL ee because it does the job of 


two conventional testers, 
requires only half the space 
and maintenance. Write for 
more detailed information, 


plus a list of prominent 
MODEL 2A 1/16” TO 4” DIA. CAPACITY 


to Kentrall ~« | THE MODERN STRAIGHTENER 


price $680. . Variable Speeds & Feeds 


Electrical Mechanism 
KENTRALL 


Roll Type Clute uick Action 
200 Cuts Per Minute on Short Lengths. 
THE Many Other Models for Wire Up to Dia. 


Main Office and Factory: | THE GEO. C. PATTERSON MACHINE CO. 


Sales Offices: 3409 Trumbull St.—Cleveland 15, O. 
Chicago, San Francisco BOOTH 1522 


Automatic Polishing and Buffing Machines provide 
dependable solutions to problems of: 


POLISHING | 
j 
BUFFING 
DE-BURRING 


MICRO- 
FINISHING 


E MANUFACTURING COMPANY ¢ 1400 E. 9 MILE ROAD, DETROIT 20, (FERNDALE) MICHIGAN 
BUILDERS OF AUTOMATIC POLISHING AND BUFFING MACHINES FOR NEARLY HALF A CENTURY 
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FROM HIGH-GRADE CONVERSION FACILITIES... BETTER END PRODUCTS 


The consistent quality of AMBALLOY steels—stainless, 
alloy and carbon—is rooted in the exacting quality control 
of our high-grade conversion facilities. The detailed atten- 
tion we give to every step of the conversion process means 
better end products for users of Amballoy specialty steels. 

Important too, is the fact that our facilities are available 
for your conversion needs. We’d like to discuss with you 


the advantages of using our special processing operations. 

And to provide you with helpful solutions to your 
material selection problems, Byers offers a staff of highly 
trained metallurgists. We can serve you with knowledge 
and facilities that put your order where you want it, when 
you want it. Check Byers first. Write or call for details. 
A. M. Byers Company, Clark Building, Pittsburgh 22, Pa. 


A growth company with the emphasis on quality and service @, -4, BYERS COMPANY 


ovens & FURNACES 
COMPOSITE DIE SECTIONS PRODUCED & PRICED RIGHT for your 


OVEN & 


“Electrically welded for complete bonding” FURNACE NEEDS 


— “made to your specifications and dim- 


ensions” — mean safety, economy and dyna-Trof 


versatility in die construction. 


right is only one in this 
size and price range with 
full multiple direct- 


Proved in automotive ed forced convection. 


body die construction 


Heating Chamber 
. becoming more ° Dimensions Usable 


"28%," W x 28°D x H 
popular every day for 
other industries. Let Ws x 
24°W x 16"H x 21°D 

us tell you why. Write 24°W x 16"H x 21"D 
for FREE book con- 
taining “Engineering DYNATROL 
FURNACE LINE 
to 2000° & 2300° F 


Dota.’ 


Typical layout of Composite 
Die Sections. ia PRICE FROM 


$ .00 
Inc. 90": 


; 2300: W. JEFFERSON, DETROIT 16, MICH. P-79 Vx | OVER 40STANDARD MODELS AVAILABLE 
Phone TAshmoo 5-3226 MANUFACTURING CO. 


Chester 77, Pa. al 


Bata cuts mold cleaning time 
in half with Pangborn Hydro-Finish 


Bata Shoe Co., Belcamp, Md., used to clean shoe molds 
by pickling. For a better cleaning job, Bata replaced 
this process a year ago with Pangborn Hydro-Finish. 
Today this machine gives Bata top quality cleaning, 
does the job in half the time required by pickling and 
has required “‘no maintenance whatsoever.” Also, acid 
disposal problems have been eliminated. 

Says Mr. Albert Kotras, Research, ““We thought it 
was sales talk but the Hydro-Finish has lived up to 
every claim the Pangborn representative made.’’ Con- 
vinced by the performance of its Hydro-Finish machine, 
Bata management now plans to order a second one. 

Today, through new design and use of air jet sluria- 
tors, Pangborn Hydro-Finish costs less originally, 
costs less to maintain and gives you easier handling 
and added efficiency. Write for Bulletin 1403 to PANG- 
BORN CORP., 1800 Pangborn Blvd., Hagerstown, Md. 
Mfrs. of Blast Cleaning and Dust Control Equipment. 

USE PANGBORN HYDRO-FINISH FOR: 
Deburring + Surface finishing + Finishing threaded sections + Im- 
proving cutting tool life « Maintaining dies and molds « Removing 
grinding lines « Removing heat treat scale « Preparing surfaces 
for coatings, platings, etc. 


‘Pangborn 
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In these days of world-shaking scientific advances, heat treating equipment and techniques 
have reached new heights of accomplishment . . . yet, with identical equipment a “world of 
difference” can be obtained. 


Commercial Steel's growth to a position of leadership in the industry is the direct result of 
this “world of difference’. The result of strict laboratory accuracy in every phase of heat 
treating. 


Commercial’s success owes much also, to a “world of cooperation”, the continuing inter- 
change of ideas with every free nation on our globe. We are honored and happy to welcome 
the visiting metal men of the world to our plants. 


To accomplish their "world of difference’ Commercial Steel has built one of the most com- 
plete heat treating services in the world . . . ultra-modern plants strategically located in the 
heart of industrial America, filled with the finest equipment available and staffed by the 
best metallurgical brains to be found. 


If the job can be done, Commercial will do it, accurately, every time. 


STEEL TREATING CORPORATION 


Plant #1: 6100 Tireman Ave. + Detroit 4, Mich. + TYler 66086 @ _ Plant #2: 31440 Stephenson Hwy. + Madison Heights, Mich. * Lincoln 7-4570 
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99.7% 
Pure Al203 
Furnace 
Protection 
Tubes 


Impervious 
Recrystallized Alumina 
for temperatures to 1950°C—3542°F 


Do you need an impervious tube with the follow- 
ing properties? 

High purity alumina 

High electrical resistivity 

High thermal conductivity 

Inert in hydrogen & carbonaceous atmospheres 
No binders added 

For temperatures to 1950°C—3542°F 


Investigate Morganite’s Triangle RR Impervious 
Recrystallized Alumina Ware available in— 


TUBES (Furnace & Pyrometer Protection Tubes) 
e@ Open both ends or closed one end 
e@ Sizes from 3/16” to 242” inside diameter 
e@ Lengths up to 36 inches 


INSULATORS (For plat- CRUCIBLES(Thin-walled) 
inum, platinum-rhodium Wide selection of sizes 
thermocouples) in three styles. 


@ Single bore round e “A” shape 
@ Double bore round e@ Conical shape 
@ Double bore oval @ Cylindrical shape 


Call or write for illustrated catalog today. 


ORPORATED 


3300 48th Avenue, Long Island City 1, New York 
Telephone: STillwell 4-3222 


Manufacturers of Fine Carbon ——— Products including Carbon 
Soeciaities. Motor and Generator Brushes, Current Collectors, etc. 


376 


THERMOCOUPLE ASSEMBLIES 
For Every Application 


It's true. Among T-E’s complete line of thermocouples is one 
for every application, every operating condition. You'll find 
the one for your individual need—no matter how specific. 
Conductor materials include lron-Constantan, Copper- 
Constantan, Chromel-Alumel and Plati Rhodium-Plati 


Heavy Duty Ther wire and tubular — 
provide the rugged construction ‘needed for severe condi- 
tions, while retaining sensitive performance. 


Protection Tubes (Thermo-Wells)—bar stock or built- 
up, straight or tapered, with threaded, flanged or ground- 
joint mountings—are available in all commercial materials 
for all applications. 


Miniature Thermocouples are made in a wide 
variety of types and sizes for any installation requiring a 
small-size yet sensitive assembly. 


Thermo Electric 


SADDLE BROOK, NEW JERSEY 
In Canada — THERMO ELECTRIC (Canada) Lid., Brampton, Ont. 


Carl mayer Hi-Temp, Recirculating Type 
HEAT TREAT FURNACES 


effect large savings in drawing, tempering, ageing, and heat 
treating of such products as bearings, billets, springs, screws, 
tools, gears, etc. in steel or aluminum. Continuous operation 
at temperatures up to 1200° F. Temperature uniformity guar- 
anteed! Gas, oil, or electric fired. 


Write for Bulletin HT-53 


3030 EUCLID AVENUE CLEVELAND 15 
OTHER PRODUCTS: Core & Mold Ovens * Rod Bakers + Paint and Ceramic 
Drying Ovens + Special Processing Equipment & Accessories 
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UNITED-FIN TUBE 


The right temper every inch of the way 
...a surface just as clean as you require 
... two United-Fin Tube features that 
boost your profit by speeding up produc- 
tion, cutting costly waste. 

As with every product from United's 
precision tube mill, you can count on 
United-Fin Tube . .. an integral fin-tube 
... to do a better job more often, more 
economically. 

In straight lengths cut to your specifica- 
tions, United-Fin Tube is available for 
fast shipment. 


For complete / 
information and samples, 

‘copper 
write, wire, or phone. a 


Coil on coil or accordion bends are 
easy, trouble free, with perfectly 
tempered United-Fin Tube. 


End treatments to 
customer’s specifications 
within standards. 


| | \ & UNITED WIRE 


ISLAND 


PROVIDENCE 7, RHODE 


COPPER, BRASS AND ALUMINUM WIRE AND 
TUBE... BRAZING ALLOYS, PHOSON, SIL-BOND 
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FRONTIER CASTINGS of 


Aluminum: Coppere Bronze 
HAVE NO HIDDEN SECRETS 


Aircraft 
Casting of 
Frontier 
40E. High 
Strengt 
Aluminum 
Alloy. 


Negative and Spectrograph 
Analysis furnished with 
each casting 


(IF REQUESTED) 


Controls for X-Ray Machine. 
Operated from panel outside 
of X-Ray Room. 


250 KV X-Ray machine in Fron- 
tier Lab. Penetrates 2” of bronze 
— 6” of aluminum. 


Quality Control at Frontier means completely controlled 
by Frontier. We have our own modern facilities for every 


phase of chemical and physical testing. Our X-Ray Lab- 
oratory is certified by the U. S. Air Corps, which certifica- 
tion is accepted by all branches of the government. The 
Frontier foundry follows the newest casting and core- 
making techniques. Heat treating and rough machining 
facilities are also available. 

For complete information write to the originators 

of Frontier 40-E the bigh strength aluminum alloy. 


FRONTIER BRONZE CORP. 
4895 Packard Road, Niagara Falls, New York 
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McDANEL SPECIAL PURPOSE LAB MILL JARS 
High Alumina (96% AlzOs) Body... 


@ MOHS hardness 9. High purity; low pickup. 
Less contamination with silica-free end product. 
Bronze hardware; rubber or neoprene gaskets. High 
alumina grinding balls available. Easy to charge, 
discharge, clean. Quart and gallon sizes. For all 
types roller lab mills. 


Write today for information! 


REFRACTORY PORCELAIN COMPANY 
BEAVER FALLS . PENNSYLVANIA 


to 50% of 
Your Lubrication 
Costs 


SAVE: 
HOW: 


Create Slip Surfaces. 
Reduce Frictional Temperatures. 

Set to Closer Tolerances. 

Cut Run-in Time on New and Reconditioned 


A SUPER LUBRICANT for 
all HOT and VITAL ZONES 


By Adding AC 360 
To Your Oils 


Give Your Speed Reducers a treat. 
Increase the Power of Your Diesel Engines. 


Let us help solve your lubrication problems. 


GRAFO COLLOIDS CORPORATION 
279 Wilkes Place, Sharon, Pennsylvania 
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These Tobe Deutschmann Corporation capacitors are protected by a stainless steel 
case. Carbon steel cases could not withstand for long this type all-weather service. 


Sealed in stainless, these capacitors 
laugh at city smog or rugged weather 


Operating outdoors in all kinds of climate, these 
capacitors are attacked by salt spray, fog, indus- 
trial fumes and smoke particles. Their galvanized 
steel casings required cleaning and painting every 
two or three years. But, hermetically sealed in all- 
stainless steel cases, these capacitors now require 
no maintenance whatsoever. 

Reason? Stainless stands up where ordinary steels 


fail. It fights corrosion, heat, wear and abrasion. 
What’s more Crucible stainless steel can be readily 
fabricated by normal shop methods. Why not let 
your nearby Crucible representative show you 
how stainless can help improve your products? 
Crucible Steel Company of America, The Oliver 
Building, Mellon Square, Pittsburgh 22, Pa. 


E F U C i q LE| first name in special purpose steels 


Crucible Steel Company of America 


Canadian Distributor—Railway & Power Engineering Corp., Ltd. 
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heating needs with a 
Fast, Versatile 


HARROP Electric Furnace 


Meet all your high temperature 


NMR-20 Standard Harrop Furnace with Instrumentation and Control Unit 


In testing, research or small-scale produc- 


tion, Harrop “standard” and “special” furnaces 
provide increased operating efficiency . . . more 
Standard 
NMR-20 model (above) has 20” x 20” x 24” 
setting space; temperature range to 2800° F.; 
silicon carbide resistor heating elements; blow- 
er for accelerating the cooling cycle. 


accurate temperature control. 


Instrumentation on standard model includes 
program controller, 6 tap switches and selector 
switch for instrument or manual control, or 
blower cooling. Instrumentation may be varied 


to meét your need. 


Other standard Harrop models of similar de- 
sign cover range of setting spaces from 


requirements. 


NMR-7 (7" x 7” x 9” 
setting space) and 
NMR-10 (10” x 10” x 11” 
setting space) built in 


12” x 12” x 17” to 36” x 36” x 40” 


SPECIAL FURNACE APPLI- 
CATIONS demanding an un- 
usual shape or size of firing 
chamber, variation in door 
opening, temperature range or 
other specific requirement will 
be designed and built by 
Harrop. Depend on Harrop’s 
years of experience and engi- 
neering knowledge to solve 
your problem with a soundly 
designed, neatly built and eco- 
‘ nomical furnace designed and 

equipped to your special 


For non-obligating recom- 
mendation, send information on 
materials, temperature range, 
heat control and firing objec- 


this compact design with tives to: Dr. Robert A. Schoen- 


optional instrumentation. laub, Technical Advisor. 


HARROP ELECTRIC FURNACE DIVISION OF 


Dept. M, 3470 E. Fifth Ave., Columbus, Ohio 


Co. 


when DRYNESS counts 


AIR-DRY can really dry it! ‘ 


Lowering the dew point of air and other 
gases to —110°F is a standard specification 
for AIR-DRY equip t. It is possible to even 
extend this attai t, if y, to meet 
special dehydration requirements. In fact, 
dehydrati i t with either auto- 
ti trols can be 
constructed to your specifications at AIR-DRY. 


4756 KESWICK’ STREET, VAN NUYS, CALIFORNIA 


cleaned and back at work 
in S minutes 


The Waukee FLO-METER can be cleaned 
and back in operation in five minutes or 
less! Saves time and money. 


Inherent accuracy of the FLO-METER is 
protected by Waukee’s design for fast, 
easy cleaning. No tools are needed. Pro- 
duction interruption at a minimum. 


The Waukee FLO-METER also features: 

built-in Control Valves, panel mounting, 

simple piping, large 6” and 9” scales for i 
ease of reading. Capacities 3 CFH to 
10,000 CFH. 

Complete information in Bulletin 203. Write 


for it. Waukee Engineering Company, 5140 
North 35th Street, Milwaukee 9, Wisconsin. 


For ing: air — — dissociated ammonia 
— argon — butane — city gas — endothermic cracked 
— exothermic cracked — forming gas — helium — hy- 
drogen — natural gas — nitrogen — oxygen — propane. 


FLO-METERS AIR-GAS MIXORS 


ANDUSTRIAL WASHING MACHINES 
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It’s LAKESIDE 
for electronic control 


Here are some accurate electronic reasons your parts get the exact 
degree of heat treatment you want at Lakeside. 


Batteries of automatic electronic controls regulate every phase of 
activity. From annealing and heat treating various types of steels to 
case hardening by carburizing, carbonitriding, nitriding or chapman- 
izing, Lakeside’s controls insure that case depth is accurate and that 
distortion is kept to a minimum. 


Why not call Lakeside today and see how they handle your heat 
treating problems. You'll be well pleased with the service and the 
prices! 


\ LAKESIDE SERVICES 
Flome Hardening * 

© Ber Stock Treating and Straightening 
_ (mill lengths ond sizes) 
 Carbonitriding 

Heat Treating 

Annealing 

Blectronic induction Herdening 

Stress Relieving 

Normelizing 

= Carburizing — Pack, Gos or Liquid 

Nitriding * 


Cyaniding — Gas or Liquid 
Sand Blasting 

Laborotory Physic! Testing 

*LICENSED PROCESS 


5418 LAKESIDE AVE., CLEVELAND 14, OHIO HENDERSON 1-9100 
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for shop or laboratory uses 


Treating high-speed steel—in Philippines or Pittsburgh—is 
just one of the jobs—reported by users from all points of 
the globe—which are being handled more efficiently with 
the accurately controlled, clean electric heat of Pereco 


Furnaces. Also more economically! 
Pereco Unit (illustrated below), with 
tures to 2500° F., is only typical 


models—with a wide choice of controls—available for 
handling different types of work. Whatever your 
furance need may be, it will pay you to investigate 


a Pereco Furnace. 


completely packaged 


PEREGO Electri 


c FURNACE 


And the FG Series 
operating tempera- 
of many standard 


Precision 
Hand 


Calculator 


©@ For quick on the spot calculations 
® Adds ® Subtracts ® Multiplies © Divides 
© Weight 8 oz. FAST © SIMPLE © ACCURATE 


A simple, rotary type calculator scaled down in size and con- 
structed like a fine watch. Its sturdy construction makes it 
equally reliable for field, shop or office use. 


See it at booth 1486 National Metal Exposition 


for 
BULLETIN 


PERENY EQUIPMENT 


DEPT. 9, 893 CHAMBERS RD. 


COLUMBUS 12, OHIO 


WRITE TODAY 


Ask about FREE TRIAL offer 


UTILITY SUPPLY CO. 


641 W. Lake St. Chicago 6, Illinois 


Get Your 


Machines 
the 
hardest materials 


Aluminum Oxide 
Jewel Stones 


End Products are 
Dies 
Transistor Components 
Tire Molds 
Electronic Elements 
Machine Parts 
Jewel Bearings 
And Many Others 


Correct 
Lubrication 


isit Socony Mobil 
Booth No. 618 
at the 39th National 


Get full information on the spectacular economy 
and precision of the Cavitron— Write to The Sheffield 
Corporation, Dayton 1, Ohio, U.S.A., Dept 2 


Metal Exposition LD 


7759 
of Bendix Aviation Corporation 


Phone—tincoin 5577 
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“SALT BATHS forall CHROMATE 
HEAT TREATING 
from 300°F. ron 


HEATBATH 
CORPORATION 


Springfield 1, Mass. 
or 701 North Sangamon Street, Chicago 22, Hlinois 


Prompt shipment from stock in 


Springfield, Chicago, Cleveland, Detroit and Los Angeles. 
In Canada, W. J. Michaud, Ltd., Montreal. 
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Backed by over forty years of continuous research, practical 

furnace building experience and thousands of successful fuel fired 

and electric furnace installations, EF engineers are qualified to 

design and build the best size and type of equipment to handle any 

product or for any heat treating process. Our wide experience and 

= = complete research, engineering, manufacturing and field erection 
= service are “at your service”. 


This type bright anneals stainless steel stamp- 
ings, flatware, drawn and other products— Submit your production furnace problems 


economically, uniformly and continuously. to experienced EF engineers -—_— i pays. 


THE ELECTRIC FURNACE CO. 


GAS FIRED, OIL FIRED AND ELECTRIC FURNACES Y Ch. e 
FOR ANY PROCESS, PRODUCT OR PRODUCTION so 


Canadian Associates @ CANEFCO, LIMITED @ Toronte 1, Canada 


EF BUILDS | 
ZA \ 
TYPES AND SIZES. | 
Lgl 
GAS FIRED, OIL FIRED and ELECTRIC | 
PU, 
Sis 
| ---for any product, process or production 


CHARTING THE WAY TO THE STARS... 


A new iridescent point of light flashing through 
our skies at night will proclaim man’s most radi- 
cal step since the invention of the wheel. The 
Earth Satellite will be on course, electronically 
compiling information that will enable man to 
chart his way to the stars. 

The electronic equipment will be housed in a 
sphere 20 inches in diameter. The sphere will be 
made in two parts, from a magnesium alloy, deep- 
drawn after spraying with “dag” 41, a colloidal 
graphite dispersion. A thin film of colloidal 
graphite covers the pre-heated sheets before in- 
sertion in the drawing press. 


Final contour is achieved by spraying the 
hemisphere again with ‘dag’ 41; then spinning 
under torch heating and wood tooling until the 
hemisphere assumes the shape of the spin block. 
Both hemisphere and spin block are coated with 
‘dag’ 41 to facilitate removal. 

‘dag’ 41 prevents galling, scoring and metal 
pickup: its ease of application, film strength, 
lubricity and resistance to heat make it the per- 
fect deep-drawing lubricant. Talk with your 
Acheson Service Engineer soon, for more de- 
tailed information, and write for Bulletin 426— 


Metalworking Applications. Address Dept. MP-10. 


VISIT BOOTH 112... NATIONAL METAL EXPOSITION 


Chicago International Amphitheatre—November 4-8, 1957 


Graphite - 


ACHESON COLLOIDS COMPANY 
Port Huron, Michigan...also Acheson Colloids Ltd., London, England 
ACHESON COLLOIDAL DISPERSIONS: 


Offices in: Boston 


Molybdenum Disulfide - Zinc Oxide - Mica and other solids @: 
Chicago - Cleveland - Dayton - Detroit - Los Angeles 


Milwaukee - Philadelphia - 


New York - Pittsburgh - Rochester - St. Louis - Toronto 
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